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1. Introduction.

In this papor I have attempted to shed further Hght on that

difficult problem, the oogenesis of an Annelid : while Sacco-

cirrus, as Goodrich has shown (26), is an Archi-annelid closely-

related to Protodrilus, it is probably much like other Annelida

so far as its oogenesis is concerned.

I was influenced to undertake a study of the oogenesis of

an Annelid by three special reasons, namely, Schaxel has

described ' chromatin ' emission in A r i c i a f o e t i d a , a

Polychaete ; Hempelmann and Buchner have both described

most peculiar peri-nuclear extruded bodies at one period of

oogenesis of Saccocirrus ; and, finally, Saccocirrus is an

example of precocious entry of the sperm into the young

oocyte : we know that the head of the sperm hes quiescent

till the oocyte is ripe, and I believe that this would offer the

opportunity of observing whether the tail of the sperm entered

the oocyte, and (if so) whether it took any special part in

fertilization.
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The behaviour of the cytoplasmic inckisions has been the

object of special attention, and I have also gone into the

question of the spermatogenesis, and showed in these stages

the presence of peculiar yolk-spheres which are divided out

between the daughter-cells at the maturation divisions. It

is extraordinary the way such metaplastic bodies are shepherded

into two groups during the divisions of the spermatocyte.

This is the concluding part of this present series of papers.

2. Previous Work.

The precocious entry of the spermatozoon into the young

oocyte was discovered independently by three observers

—

F. Hempelmann, and by van Gaver and Stephan jointly.

Hempelmann's paper appeared a short time before that of

the two other observers.

Hempelmann has contributed two papers on this subject,

one in 1906 (34), and one as recently as 1912 (35). His main

conclusions are to be found in the latter paper. He shows that

the sperms enter oocytes just after the end of the bouquet

stage of the prophases of the heterotypic division. Only one

spermatozoon enters one egg.

Just after the last stage of the prophases of the heterotypic

division, Hempelmann describes peculiar granules which

originate from the nucleus and pass into the cytoplasm,

eventually leading to the formation of yolk. These granules

are at first quite solid, grow large, and gradually become

vacuolated here and there, so as to form a large number of small

granules lying in a single vacuole. It is just after this has taken

place that the egg cytoplasm becomes filled with yolk ; speaking

of these curious peri-nuclear granules, Hempelmann says,

' so scheint es mir kaum zweifelhaft, dass diese Zellbestandteile

mit der Dotterbildung in Beziehung gebracht werden miissen '.

With regard to the origin of the peri-nuclear granules Hempel-

mann writes, ' Auch der Nucleolus beteiligt sich wohl mehr
oder weniger an dieser Dotterbildung, denn gelegentlich zeigt

er sich umgeben von kleinen, sich ebenso wie er selbst mit den

B 2
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gebriiuchlichen Kernfarbstoffen intonsiv farbonden Kiigelchpn,

die wohl aus ihm hervorgegangen sind, und die an den Eand

des Keimblaschons riickon, um wahrscheinlich aus diesem in

das umgebende Plasma auszutreten '.

Hempelmann recognizes only one sort of plasma granule

— 'yolk', originating from tb(^ peri-nuclear ' Tropfchen '.

According to him, the entry of additional spermatozoa into

the oocyte is prevented by the formation of a membrane
;

the spermatogenesis has ])een studied l)y Hempelmann, who

descril^ed the tripartite ' Nebenkern ' of the spermatid ; his

material was not preserved carefully enough to allow of his

giving a good account of the formation of the male gamete.

Van Gaver and P. Stephan have published two short notes

on Saccocirrus papillocercus. In their second

paper these observers state, ' Notre desaccord fondamental

avec Hempelmann a trait a I'epoque de la penetration du

spermatozoide ;
pour nous, le spermatozoide arrive dans

I'oocyte des que celui-ci est differencie en tant qu'oocyte,

lorsque sa taille est encore extremement minime et avant

toute formation de vitellus a son interieur. Nous n'osons pas

affirmer que Faction du spermatozoide soit la cause initiale

du developpement de I'oocyte, mais nous avons constamment

trouve un de ces elements dans les ovules en voie d'accroisse-

ment et d'elaboration vitelline '. In addition, van Gaver and

Stephan believe that polyspermy and assimilation of sperma-

tozoa by the cytoplasm take place in Saccocirrus. They find

' desintegration des tetes des spermatozoides et, par suite,

leur assimilation par I'oocyte '. The articles of van Gaver

and Stephan are not illustrated by figures.

The latest observer to attack these problems was Paul

Buchner (3). He showed that the w^hole tail of the sperm

may occasionally enter an oocyte, and break up to give rise

to a number of peripheral droplets, while the head of the sperm

remains quiescent. The yolk-formation he describes as taking

place by a partial breaking up of the nucleolus, pieces of which

wander to the periphery of the nucleus—particles of yolk

appearing simultaneously, apparently from the nucleolar
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fragments which pass through the nuclear membrane. The

droplets from the sperm tail shrink up and leave the periphery

of the oocyte quite clear, while the nucleolar fragments grow

and multiply and fill the egg with yolk. Buchner is not

altogether happy in his work on Saccocirrus oogenesis, and is

very cautious with regard to yolk-formation. He ends his

research with the statement, ' Die Dotterbildung von Sacco-

cirrus verdiente wohl eine eingehendere, mit Hilfe aller zu

Gebote stehenden Farbungen und Eeaktionen ausgefiihrte

Analyse '.

No observer has hitherto given any account of Golgi body

or mitochondria in the oogenesis of Saccocirrus, and this form

has up to the present time resisted the efforts aimed at a satis-

factory interpretation of the problems which its oogenesis

presents.

3. Technique and Material.

Sections of a large collection of Saccocirrus were prepared

according to the plans given in my recent paper on technique

(13). The Mann-Kopsch and Champy-Kull methods were

particularly valuable. All the other techniques in current use

were tried. The material used was sent to me from Plymouth,

two lots in the month of June, another in July.

The worms were cut into pieces after having been killed by

being dropped whole into a capsule full of fixative. Great

difficulty was experienced in making successful preparations

of the Golgi apparatus. All the first trials were unsuccessful,

but for some unknown reason all the latter attempts succeeded

completely both with Mann-Kopsch, Cajal, and Da Fano
methods (13).

I have to thank Dr. Allen, F.E.S., of the Plymouth Biological

Laboratory, for sending me the material desired by me.

Professor E. S. Goodrich, F.E.S., of. Oxford, kindly placed

at my disposal some of his own material of Saccocirrus
papillocercus from Naples, and sections cut from this

proved very useful.
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4. Spermatogenesis.

(a) The Spermatogonium of S a c c o c i r r u s

.

The spermatogonium is a small rounded cell with a spherical

granular nucleus containing a karyosome. In PL 1, fig. 7,

is drawn one of a group or rosette of spermatogonia : there

was a spindle bridge as is common in such cases (sb). This

cell was drawn from a Mann-Kopsch preparation, and the

Golgi body (ga) shows as a number of black rods or batonettes

surrounding an archoplasm or centrosphere. In most sperma-

togonia the mitochondi'ia may be detected in the form of

a cloud lying in the region of the Golgi body, as in PI. 1 , fig. 7,

at M.

(&) The Spermatocyte.

Eosettes of spermatogonia grow synchronously to form

groups of spermatocytes, and during the growth stages the

mitochondria spread out through the cytoplasm, as in PI. 1,

fig. 1, M. The Golgi body grows too, and the numl)er of its

individual parts (Golgi rods, dictyosomes, or batonettes) also

increases, as shown at ga. The nucleus at this period is often

reniform. Possibly the most remarkable fact with regard to

the spermatogenesis of Saccocirrus is the presence in many,

if not all spermatocytes, of a group of true yolk-granules

(lipin) quite separate from either mitochondria or Golgi body :

in PI. 1, fig. 1, the yolk-granules are at y, and form a special

cell inclusion. By the Champy-Kull method the nucleus stains

bluish, the mitochondria and Golgi rods go dark red, the cyto-

plasm is yellowish, and the curious collection of yolk-granules

stain brownish green in the osmic acid of the Champy's fluid.

In PI. 1, fig. 1, at YC on the right, is drawn one of the yolk-

cells which accompanied this spermatocyte, and the yolk-

granules stained the same shade as the j^olk-spheres (y) in

the spermatocyte.

In PI. 1, fig. 2, is a Kopsch preparation which shows the

efifect of prolonged osmication. The Golgi body (ga) has

reduced the OSO4 heavily, the mitochonchia do not show,

and the yolk-spherules are at y ; but besides all these there



GAMETOGENESIS OP SACCOCIRRUS 7

is found a group of perfectly spherical granules at x. These

went black-brown in the OSO4 ; their true nature or origin

was not ascertained, but it was thought that ultimately they

formed a part of the spermatid, as will be shown later. The
number of granules was about twelve in all the cases I could

count.

(c)The Spermatocyte Divisions.

PI. 1, fig. 4, is a first spermatocyte metaphase. The peculiar

yolk-spherules have taken up a position at the middle of the

spindle, and in the next stage (PL 1, fig. 5) the granules have

become sorted out into two groups (y) subequal in size. Each
spermatid (PI. 2, fig. 8) receives about one-quarter of the

number of granules in the spermatocyte. The behaviour of

the mitochondria in the divisions is peculiar : they lose their

granular state, and during the prophases break down to form

threads as in PI. 1, figs. 4 and 5, in the telophase (PI. 1, fig. 5) ;

the threads lie chiefly around the equatorial plate. The
Golgi rods are difficult to follow through mitosis ; at the

prophases they lose their staining power, and it is only in

certain cases that the cell at metaphase has distinguishable

elements (xy in PI. 1, fig. 4) which might be identified as Golgi

elements. It must be admitted that no positive evidence

has been adduced with regard to the Golgi elements during

division of the Saccocirrus spermatocyte.

(d) The Newly-formed Spermatid.

In PI. 2, fig. 8, is a newly-formed spermatid. The yolk-

spherules (y) are on the right, while the mitochondria surround

the nucleus ; the Golgi elements are at ga, being scattered.

In the next stage the mitochondria collect to one side of the

cell, in proximity to the nucleus, the Golgi elements lying behind,

as in PI. 2, fig. 9 ; this cell was drawn from a Kopsch prepara-

tion, and in it no yolk-spherules could be identified. At x are

what I consider to be two of the granules marked similarly

in fig. 2. In nearly all Kopsch or Mann-Kopsch preparations

the spermatid cytoplasm is seen to be formed of very coarse

reticulum, as shown in PL 2, figs. 9 and 14.
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(«) 8 p c rm a t e 1 e o s i s

.

The spermateleosis stages comprising those leading to the

metamorphosis of spermatid into spermatozoon are very

pecuhar. The mitochondria, wliich in PL 2, tig. 9, He grouped

behind the nucleus, l)egin to run together as depicted in tig. 10.

Three main centres for this coalescence! exist, but here and

there a few separate centres exist ; these ultimately join up

with one of the larger centres, till one gets such a stage as

in PI. 2, fig. 11, where three balls of mitoclnmdrial substance

are produced (mm), while the remainder of the free mito-

chondria are gradually fusing up. 13y the stage of fig. 12

the mitochondria have all fused to form three solid spheres

generally somewhat untHjual in size, and as well, often in

staining aitinity. In PI. 2, fig. 14, the three spheres are viewed

from below, their unequal size being apparent.

Leaving the mitochondria at this stage, the fate of the yolk-

si)herules and of the Golgi elements may be described ; at

such a stage as in fig. 10 of PL 2 the Golgi elements lie behind

the zone of the mitochondria ; as the mitochondria fuse up,

the Golgi elements keep behind the most distal mitochondria

as in PL 2, fig. 11, and, finally, when all the mitochondria have

fused to form the three spheres, the Golgi elements lie close up

behind as in PL 2, fig. 12. In the case of the yolk-spherules

a somewhat similar change in position has been noted : in

PL 2, fig. 10, the yolk-spherules are on the right of the cell,

but by stages in figs. 11 and 12 they have moved back behind

the mitochondrial spheres.

In many, but not all, examples there can be observed

between the three mitochondrial spheres, a small, often round,

often angular grain, as in PL 2, fig. 14, at x. In figs. 9, 10, 11,

and 12 such bodies are also seen.

These bodies, I believe, are derived from the grains marked

X in PL 1, fig. 2. They seem to form a part of the mitochondrial

sheath of the sperm-tail.

The spermatid at such a stage as that of fig. 12 now begins

to lengthen. In PL 2, fig. 13, the three mitochondrial spheres
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have become drawn out to form a comet-tail body attached

to the spermatid nucleus. The latter has begun to undergo

the usual changes which may be seen in figs. 9, 10, 11, 12, and

13. In PI. '2, fig. 16, the tail has further elongated, the yolk-

spherules and Golgi elements are drifting down the length of

the tail, while the nucleus is losing its reticular arrangement.

This lengthening process now goes on till the fully-formed

elongate Saccocirrus spermatozoon is produced.

Owing to the small size of the cells, and possibly to the

unsuitability of the material, no satisfactory description can

be given of the formation of the acrosome. This can be seen

in PI. 2, fig. 13, at as. In figs. 9 and 10, at gx, were bodies

which might have some connexion with the formation of the

acrosome, but of this 1 am unable to speak with certainty.

(/) The Fate of the Golgi Apparatus during

S p e rm a t e 1 e s i s

.

If one examines a bundle of ripe or ripening spermatozoa

in material prepared by the Mann-Kopsch method, it will be

found that near the end of the tail of each sperm are rounded

or angular bodies which are stained by the osmic acid : in

PI. 2, fig. 17, is drawn such a bundle of sperms, the bodies

being marked gax ; at a higher magnification, as in fig. 15,

the bodies are seen to be very like the Golgi body drawn in

the spermatogonium in PI. 1, fig. 7, at ga. I cannot say for

certain whether these bodies are derived from the original

Golgi rods depicted in PI. 2, figs. 8-13, but I should think that

they are so derived, and that they have undergone some

change during late spermateleosis. If these bodies are an

integral part of the spermatozoon and not the degeneration

products of the spermateleosis, one might expect to find

some sign of them in the spermatozoa within the female :

in PI. 2, fig. 1 8, is section of the receptaculum se minis
of a female, and drawn to the same scale as fig. 1 7 above. The

same bodies are to be seen at the tails of the ripe sperma-

tozoa.



10 j. bronte gatenby

5. The Fate of the Tail of the Spermatozoon
DURING Entry.

Buchner (3) showed that the sperm-tail sometimes entered

the egg, sometimes not. I have been able to confirm these

observations. In PI. 3, fig. 25, is a typical oocyte to illustrate

this : the sperm-head (sp) is wrapped around the oocyte

nucleus, while the remains of the tail of the sperm are, in this

section, seen as four irregular chromophile bodies at set.

In PL 3, fig. 22, in the lower oocyte, the sperm-head is at bp,

while the tail is cut across as two irregular bodies at spt.

In the ujjper cell of fig. 22 the sperm-tail seems to be partly

inside the egg (upper) and partly outside (lower).

While it is generally impossible to say whether these irregular

masses (which we can positively identify as remains of the

sperm-tail) are, or are not, inside the egg cytoplasm, when
we examine eggs at a little later stage of growth, it is quite

certain that in the majority of cases the sperm-tail fragments

have not only entered the egg but have broken up to form

a number of spherical, extremely chromophile, bodies at the

periphery. In PI. 3, figs. 24, and 23 at spt, the beads are noted

all around the periphery of the oocyte.

If Mann-Kopsch preparations be examined for this, the beads

appear a pale yellow colour as in PL 3, figs. 19 and 21, at spt.

In some cases it certainly appeared that the imniber of beads

derived from the remains of the tail of the sperm increased

in number as the egg grew. This was probably w^hat van

Gaver and P. Stephan thought when they believed that the

spermatozoa might have something to do with yolk-formation.

I do not believe, however, that the beads take part in fertiliza-

tion or yolk-formation, either directly or indirectly.

Later on they either disappear or become hidden by the

formation of clouds of yolk or nucleolar deutoplasm (described

below).

6. The Oogenesis of Saccocirrus^.

The oogenesis has proved the most difficult problem that

I had hitherto attacked, and at one time I despaired of ever
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unravelling the intricate story of the origin and nature of the

complicated granulations of the oocyte cytoplasm. After a

year's work, and the making of a large number of preparations,

I feel that this present account is the correct interpretation

of the oogenesis. The egg cytoplasm of Saccocirrus contains

four kinds of grains or formed bodies : (a) Golgi elements,

(h) mitochondria, (c) true yolk, (d) nucleolar extrusions or

plastin-deutoplasm.

These can all be distinguished one from another by some

staining method, as described on p. 18.

(a) The Nucleolus during Oogenesis.

Both Hempelmann and Buchner noted the peculiar peri-

nuclear bodies drawn in PL 3, fig. 23, nl, and concluded that

they were in some way concerned with yolk-formation. Such

a marked process as that depicted in this figure is unknown in

any other animal ; the history of the formation of these

extraordinary attachments to the nuclear membrane is not

at all easy to make out, and it is only after a study of material

fixed in Champy-Kull and stained by Benda's crystal violet

and alizarin that a satisfactory conclusion can be reached.

In Champy-Kull-Benda preparations the nucleolus stains

a very characteristic orange-brown shade, while the mito-

chondria and chromatin are in shades of violet ; true yolk

(derived from the Golgi apparatus) is stained by the OSO4 of the

Champy's fluid. Now in such preparations the nucleolus of

the young oocyte is found to be budding off small pieces, as

shown in PI. 3, figs. 24 and 25 ; these pieces appear to wander

to the periphery of the nucleus and to pass through, but to

remain plastered upon the outer surface of the membrane,

as in PI. 3, fig. 24, nl.

Some considerable variation in the exact method of this

process is found : in certain cases the pieces broken from

the nucleolus are coarse and easily distinguishable, as in

PL 3, fig. 24, but in some other examples, of which fig. 25

is hardly typical, the broken-ofl' pieces are so small that they

are difficult to identify.
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Occasionally, as in PL 3, fig. 22, the nucleolus may be seen

to be clift'erontiated at its periphery into a number of small

stainable bodies which may represent the beginnings of the

parts to be extruded.

In PI. 3, fig. 23, is a cell showing the appearance of the

nucleolar extrusions after staining in iron haematoxylin or

Chanipy-Kull, while in fig. 21 is a cell treated by Mann-Kopsch

and the nucleolar extrusions ai)pear as pale yellowish bodies.

From the stages represented by PI. 3, figs. 21 or 23 onwards,

there is generally marked difficulty in ascertaining the exact

fate of the nucleolar extrusions. This is due to the fact that

just about this period a second process is set into motion ;

this consists of an appearance all around the nuclear membrane
of a chromophil cloud, which in most preparations obscures

the nucleolar extrusions ; an exaggerated example of this is

drawn in PI. 4, fig. 35, from a silver nitrate Da Fano prepara-

tion, but the cloud does not show so darkly with Benda or

iron alum haematoxylin.

At all events there begins at this period a peri-nuclear

activity, which also corresponds with the change of the chromo-

phility of the egg cytoplasm from a primary oxyphilia to

a basophilia. Two other occurrences also tend to obscure the

peri-nuclear nucleolar bodies at this period : around each body

a clearly-defined vacuole often appears (PI. 4, fig. 29, nlv,

from a Mann-Kopsch preparation), and moreover the mito-

chondria near the nuclear membrane are now forming actively-

growing and dividing clusters. With iron alum haematoxylin

it is not possible to make sure as to the fate of the nucleolar

extrusions, because these and the mitochondria stain in the

same colour. With the Champy-Kull fixation and Benda stain

I have found examples which, I believe, establish as a fact my
view that the nucleolar extrusions first lose their connexion

with the nuclear membrane and then either pass right away
into the cytoplasm or immediately begin to break up into

much smaller fragments. As with the mode of appearance

itself of the nucleolar extrusions, so also the subsequent

behaviour of these bodies is open to a good deal of variation.
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With almost a suddenness a large number of nucleolar yolk-

bodies appear in a ring surrounding, but some distance away

from, the nucleus (PI. 4, fig. 34, is a somewhat later stage).

The appearance of this ring of numerous nucleolar yolk-

bodies corresponds more or less closely with the spreading out

of the basophil peri-nuclear cloud referred to below (p. 17).

The next period sees the complete change of the cell from

primary oxyphilia to a temporary basophilia : this activity

is often shown plainly with the Mann-Kopsch osmium tetroxide

method, of which PI. 4, fig. 29, is an example ; the whole

appearance of the cell seems to change. Later the peri-nuclear

vacuoles disappear, the cytoplasm becomes smooth, and the

nucleolar yolk-bodies are the most noticeable element in the egg.

In PI. 4, fig. 30, is an egg fixed for six weeks in formol-

Flemming ; the true yolk (derived I believe from the Golgi

elements) has gone black with the osmic acid, while the

nucleolar yolk-spheres are pale, in this case fuchsinophile,

bodies ; neither mitochondria nor Golgi elements appear in

this preparation.

That the nucleolar deutoplasm or yolk-spheres go on dividing

in the egg cytoplasm seems to me a very likely suggestion,

but I was unable to prove that such was the case. How
then otherwise can we account for the extraordinarily rapid

increase of clouds of these alizarin-staining granules such as

appear in PI. 4, fig. 34 ? It seems certain that smaller nucleoli

inside the nucleolus keep budding off extra-nuclear fragments

(PI. 4, fig. 34), but this would not account for the arrangement

and rapid growth of clouds of granules such as those at nl in

PI. 4, fig. 34.

In PI. 4, fig. 30, which was drawn from a very clear example

where the nucleolar yolk-spheres were large, I could not see

any of the latter undergoing binary fission ; 1 am therefore

disposed to believe that these cytoplasmic nucleoli bud off

little pieces just as the larger nucleolus is doing in the cell

drawn in PI. 4, fig. 34 ; and then these little pieces themselves

grow larger.

In PI. 4, fig. 31, is a part of the cytoplasm of a nearly ripe
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oocyto ; it will be noted that there are now enormous numbers

of granules formed, and the majority of these are nucleolar

deutoplasm derived from the original nucleolus of the oogonium.

(b) The Mitochondria.

In the young oogonia I did not find it possible to demonstrate

mitochondria, but in all the oocytes just at or after the last

stages of the prophases of the heterotypic division, mitochondria

are easily identified, especially after proper staining in iron

alum haematoxylin. In PI. 8, fig. 22, are two oocytes showing

the fine grey-staining bodies which I have identified as mito-

chondria. These show more clearly in PI. 3, figs. 24 and 25 :

the mitochondria do not appear to have anything to do with

the nucleolus.

(c) The Golgi Apparatus.

The Golgi apparatus (Golgi body or element) was studied by

the Cajal, the Da Fano, and the Mann-Kopsch techniques
;

of these the Mann-Kopsch technique was the most suitable.

In young oocytes the Golgi apparatus consists of an excentric

juxta-nuclear mass, as at ga in PI. 3, fig. 20. This mass really

hes around an archoplasm, as in PI. 3, fig. 24, at ar. In PI. 4,

fig. 33, is an oocyte showing the Golgi apparatus on the right

of the nucleus. Now in the youngest oogonia the Golgi body

is isolated at one side of the cell, but quite early in the history

of the progerminative oogonium it grows rapidly and begins

to fragment ; the additional pieces so derived move out into

the other regions of the cytoplasm, as has already happened in

all the three cells drawn in fig. 20 of PI. 8. In fig. 88 on the

same plate (though the oocyte is drawn much older in so far

as the extrusion of nucleolar deutoplasm is concerned) the

Golgi body is still fairly isolated, being just in process of

fragmentation. In some cases, as pieces break off from the

original body, they pass away into the free parts of the cyto-

plasm and form remarkable nests or areas of proliferation,

as in the cell in PI. 4, fig. 28, at ga. While in certain cases

the fragments of Golgi body scarcely retain their semi-lunar
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spherical condition, in other examples this condition is retained,

as in PI. 3, fig. 19, which was a remarkably clear example
;

the neighbouring cell in fig. 21 showed this condition less well,

while in fig. 33, most of the smaller fragments were of no special

shape. In PI. 4, figs. 28 and 29, the Golgi elements form

a fine dust at the periphery of the cell. In all the cases, however,

the ultimate result is the same—the apparatus breaks up into

hundreds of irregular grains, as in PI. 4, fig. 32, at ga.

If the Saccocirrus is prepared by the Mann-Kopsch method,

and the sections mounted in balsam without any previous

treatment, the cell-granules of the oocyte appear as in PI. 4,

fig. 31 ; here we find a confused mass of granules which have

become either blackened or browned to different degrees.

But if the sections on the slide be treated for several hours

in turpentine all but the Golgi granules become decolourized

or a light yellow in colour. In PI. 4, fig. 33, the egg-granules

were throughout the colour of those in fig. 31, but the slide

was treated in turpentine and the colour extracted from

everything except the apparatus, which is here seen to be

fragmenting and spreading through the cytoplasm.

(d) The Formation of Patty Yolk.

In the egg of Saccocirrus which has been centrifuged, a layer

of fatty yolk of an oily type collects on the upper pole of

the egg (see Text-fig. 1). The characteristics of this yolk are

that it goes greenish or brown only after prolonged osmication

and is rapidly destroyed by fixatives containing lipoid solvents.

Such fatty yolk is quite distinct from both nucleolar deuto-

plasm and mitochondria, but it is best shown by Kopsch

techniques which demonstrate the Golgi elements so well.

In PI. 4, fig. 30, the fatty yolk is shown black and the nucleolar

deutoplasm yellowish grey, after prolonged immersion in

formol-Flemming.

From the method and time of appearance of the fatty yolk

I believe it is formed from the Golgi bodies, but I admit it

is impossible to make a trustworthy statement in such un-

favourable material.
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(e) Changes in (1 h r o m o p h i 1 i
t
y during Oogenesis.

Method I .—Fixation in saturated sohition of corrosive

subhmate, staining in Rhrhch's haematoxyhn and eosin accord-

ing to Scott's directions (55). The nucleohis of the oogonium is

amphophil with distinct ])a.S()pliilprepon{h'rance, i. e. more hhie

tlian rcnhhsh purple. The chromatinic reticuKim becomes oxypliil

after a c(*rtain time, and remains so throughout oogenesis
;

the oogonial cytoi)lasm is oxyphih During oogenesis at the

period of the appearance of the peri-nuclear bodies (nucleoli,

PI. 3, fig. 23) the cytoplasm becomes l)asophil, especially near

the nucleus. This basophility persists in a peri-nuclear position

for a considerable time and spreads out, l)ut gradually the

entire cytoplasm again becomes completely oxyphil.

A typical somatic cell (e.g. gut, or epidermal) shows an

oxyphil cytoplasm and basophil nucleus. The head of the

sperm is basophil, the tail oxyphil.

Method II.—The same material stained by eosin and

toluidin blue (in this order) offered a new point of view.

Somatic nuclei were blue, the sperm-head and most of the

epidermis cytoplasm blue also. The body-muscles and the tail

of the sperms were red. The oocyte cytoplasm had an oxyphil

ground, but the nucleolar deutoplasm was bluish. The nucleolus

itself was generally amphophil, and, as in the case of the

Ehrhch preparation, had a basophil central core and an ampho-

phil cortex with basophil preponderance. In other cases the

nucleolus was entirely oxyphil. The peri-nuclear bodies were

completely blue.

While these results are in themselves of httle importance

from the point of view of the detection of peri-nuclear

' chromatin omissions ', they show very clearly that at the time

when the primary oxyphilia is changing to the basophilia there

is great new activity in the region of the nucleus ; this activity

leads to the formation of new denser cytoplasm, and it will be

noted below that there is a correspondence between the pictures

given by methods explained above and with formalin silver-

nitrate or chrome-osmium techniques.
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(/) On Peri-nuclear Activity.

In PI. 3, fig. 25, is drawn a yomig oocyte at a time when the

nucleolar deutoplasm is being foriiied ; this cell was prepared

by Da Fano's cobalt-nitnit e-formol-silver-nitrate method. It is

remarkable for the fact that it demonstrates very clearly the

extraordinary peri-nuclear activity at this stage of oogenesis.

It is possibly this material which stains basophil as described on

p. 16. In all my silver-nitrate preparations the oocyte at

this stage shows this peculiar appearance.

The peri-nuclear cloud stains black or grey according as to

whether the preparation has or has not been toned, while the

nuclear reticulum and nucleolus are only faintly yellowish

and may subsequently be stained bright red in safranin.

I look upon this cloud as the direct result of active protein

metabolism around the nucleus ; the protein is possibly forming

under stimuli sent forth from the nucleus. There is no evidence

that this cloud is chromatinic, for the Golgi silver-nitrate

methods (Golgi, Cajal, Da Fano) do not impregnate chromatin

in any cells I have studied. There is, in addition, no evidence

of intra-nuclear specks or dust as described by Schaxel for

Aricia foetid a.

Later on this cloud disperses through the whole egg cyto-

plasm.

7. Some Chromophility Eeactions of the Four Categories

OF Cytoplasmic Granules.

The table given on p. 18 summarizes the differences which

can be shown to exist between the four categories of cyto-

plasmic granules found in the egg of Saccocirrus. Only those

methods which best show these differences are mentioned,

but besides I used many other fixing and staining techniques

(13).

The nucleolar yolk-spheres or deutoplasmic elements

approach somewhat in their density to the mitochondria

and tend to stain rather hke them. Besides these methods
quoted there are such tests as the use of alcoholic or acidified

NO. 261
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(acotic) fixatives, which oithor wash away the fatty yolk or

the mitochondria, or hoth, and leave the nucleolar doutoplasrn.

Then there are the formalin silver-nitrate methods which
stain the Golgi elcanents. The table below shows the follow-

ing

Method 1 constitutes a difference between mitochondria
and nucleolus and its derivatives.

Method 3 constitutes a difference between nucleolus and
its derivatives and true fatty yolk (from Golgi elements).

Method 4 constitutes a difference between nucleolus and
Golgi apparatus.

Method 5 constitutes a difference between Ciolgi apparatus
and mitochondria, as also do Methods 1, 2, and 3.

Table.

Method Used.



GAMETOGENBSIS OF SACCOCIRRUS 19

a large lower zone. The upper cap is formed of delicate

granules which I think are fatty yolk and probably of

the Golgi elements ; these granules will go yellowish green

Text-fig. 1.

,CL.

-n

Centrifuged oocyte of Raccocirrus. Shows an upper layer of greenish

oily yolk (ul), clear middle layer with nucleus (n), lower layer

principally nucleolar deutoplasm (nl) with an upper layer mainly
mitochondrial (m). At cl are the cortical lamellae of the egg
membrane. (Chrome-osmium and Benda stain.)

after prolonged osmication. The middle layer generally

shows two zones—an upper just beneath the fatty yolk and

staining in crystal violet, or iron haematoxylin, and looking

much like thickened cytoplasmic reticula ; then there is the

C 2
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large lower area formed of the heavy nucleolar deutoplasm,

forming by far the largest separate part of the centrifuged

oocyte.

These areas are shown in Text-fig. 1. The nucleus generally

lies in the middle layer. The mitochondria appear to be lighter

than the nucleolar deutoplasm and take up a position in an

area above the latter, m in Text-fig. 1, l)ut are also found

throughout the lower area.

Around the exposed periphery of the egg, the cortical lamellae

are beautifully apparent, especially in Benda preparations

(cL in Text-fig. 1). It is from these lamellae that the substance

of the fertilization membrane is produced. See also lamellae

in PI. 4, fig. 27, cl.

9. Cells Found in the Male, intermediate between
Spermatocyte and Oocyte.

In the coelom of the male Saccocirrus are found large cells

packed with yolk-spheres ; these large cells often fill up all

the coelomic space in the mid region of the l)ody, excepting

for the areas occupied by developing spermatozoa.

Occasionally one finds large isolated cells lying completely

surrounded by and shut in between the large yolk-cells. These

isolated cells were once young spermatocytes, which, during

growth of the yolk, have become shut off. That this is so

is indicated by an examination of a sufficient number of

Saccocirrus males.

Now these isolated cells are sometimes remarkable for the

fact that they show a rough resemblance to oocytes at the

stage of nucleolar extrusion. In PI. 1, fig. 3, is drawn such

a cell. The group of yolk-granules is at y, several groups of

fine mitochondria are at m, m, while the nucleus is found to be

in the process of extruding large peculiar nucleoli, nlx. In

this one section the nucleus showed four pieces being extruded,

two other nucleoli inside the nucleus, and one piece on the

lower right of the cell akeady detached fi-om the nucleus ;

an examination of the larger nucleoli in fig, 3 shows that they
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have a stout triangular base quite like the bodies in PI. 3,

fig. 23.

When I came to examine my first preparations illustrating

the oogenesis of Saccocirrus, I did not immediately notice

the fine mitochondria drawn in PI. 3, figs. 22 and 23, and I was

temporarily led to believe that the nucleolar extrusions might

represent the mitochondria. But before 1 had made more and

better preparations, as the result of my experience on this new

material, my belief in this view that the nucleoli might represent

mitochondria was shaken by finding such cells as that in PI. 1,

fig. 3, in which I noted both mitochondria and bodies which,

I concluded, represented the extruded nucleoli of the oocyte.

With regard to the probable reason for the appearance of

nucleolar extrusions in a spermatocyte, I believe that it is

due to the fact that such cells are packed away among yolk-

cells which bring about conditions simulating the metabolism

of the egg-cell.

10. Discussion.

(a) General.

The oogenesis of Saccocirrus is likely to be typical of several

other Annelida, and possibly of Polychaeta such as Chaeto-

pterus and Nereis, judging from Lillie's figures of centrifuged

ova of these genera.

A graphic representation of the oogenesis of Saccocirrus

would be as follows :

Oogonium. Full-grown Oocyte.

1. Nucleolus.

2. Nucleolar deutoplasm or nucleolar

yolk-spheres.

-,_,,., ,
(3. Definitive Golgi elements.

2. Golgi elements • l . ^r ,, i /^ 1.1. \°
(4. Yolk-spheres (fatty).

3. Mitochondria . 5. Mitochondria.

4. Chromosomes . 6. Chromosomes only.

The part of this scheme about which I feel some doubt is

the metamorphosis of the Golgi element into a yolk-sphere ;

1. Nucleolus
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that such takes place in Ascidians and Molluscs is now quite

certain, but the egg of Saccocirrus does not provide such clear

opportunity for study as that of Limnaea or Ascidians.

Nevertheless, 1 believe that I have made sufficiently clear

observations on a large amount of material to justify the above

interpretations. It is only after the dispersal and breaking

up of the Golgi body that true fatty yolk puts in an appear-

ance, and in many cases it seems that Golgi elements can be

traced stop by step as the eggs grow, metamorphosing into

fatty yolk. The extruded nucleolar material has nothing to

do with this, and I do not think that the mitochondria are

concerned in the process.

When we take the case of extruded nucleolar material in

Saccocirrus it is difficult to understand why the bulk of the

formed reserve granules in the egg should be of nucleolar

origin. If one studies the cytoplasm of the egg in a number

of different examples of oogenesis, one sometimes finds that the

nucleolus supplies the bulk of reserve material (Saccocirrus),

sometimes the Golgi apparatus (Patella or Limnaea), some-

times the mitochondria, as in certain insects. In each of these

cases, however, analysis of the entire reserve materials in the

egg cytoplasm leads one to a similar conclusion for each

example, namely, that reserve material in eggs of invertebrates

consists of protein and fat or lipin (or both these). Then, of

course, most eggs contain glycogen.

In some examples, as in the sponge Grautia, the main bulk

of reserve material seems to be delicate vacuoles of lipin

originating from the ground plasma.

(b) The Preciseness of the Modern Technique
for the Cytoplasmic Inclusions and for

Chromatin.

Some observers apparently unacquainted with the finer

usages of modern cytological technique have wTitten doubt-

fully of the preciseness of such methods. In all the cyto-

logical problems that I have attacked the difficulty I have

met with lies not especially in the discrimination between

yolk, Golgi elements, mitochondria, nucleolar deutoplasm, and
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glycogen, for this was generally easy, but in the identification

of chromatin; the problem was whether basophile chromatic

material was chromatinic ; this is the great problem of cytology

at the present time.

I believe that I may be forgiven for holding an optimistic

view with reference to our present and future understanding

as to the behaviour of the Golgi elements and mitochondria

during oogenesis : I think that the works of Jan Hirschler,

Weigl, Nussbaum-Hilarowitz, Kio-Hortega, and my own

series of papers on the cytoplasmic inclusions have gone far

to shed a clear light on the subject, but I do at present feel

much puzzled over the nuclear phenomenon in oogenesis.^

One is driven onward trying to avoid the pool of Charybdis,

formed by the chromosome theorists who will not admit of

true chromatinic extra-nuclear extrusions, and the rock of

Scylla, which in my mind is constituted by the fact that it is

at times difficult to believe that the so-called extra-nuclear

extrusions are not chromatin. This special matter is further

discussed below under the heading of ' The Supposed Chroma-

tinic Nature of Extruded Nucleolar Material '.

In all probability were it not for the ingenious, and one

must say believable theories of chromosome workers of Mor-

gan's, Wilson's, or McClung's schools, one would have no

hesitation in saying that the extra-nuclear extrusions were

chromatin, even though they frequently do not stain quite like

the chromatin of the ' resting ' nucleus. When one takes the case

of the secondary nuclei of the Hymenopterous egg it is very

difficult to avoid the conclusion that such granules are chromatin.

This is a matter to which I have given a good deal of atten-

tion. Quite recently I have again gone over my Apanteles

material, and I have found an example which shows the

chromatin filaments at the diplotene stage of the prophases

of the heterotypic division, while the nucleolus is separate

and shows buds, some of which have already passed into the

cytoplasm to form minute secondary nuclei.

1 Mr. R. J. Ludford's recent work has gone far to clear up parts of

this obscure ground ('Jour. Roy. Micr. Soc.', 1920-21).
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While this hcilps towards ii disposal of the view that the

chromosomes, at this period at least, are drawn upon to provide

material for the formation of secondary nuclei, it does not

dispose of the questions as to the nature and origin of the

nucleolus which buds off the secondary nuclei.

It is possible to recognize several kinds of nucleolar activity

in various examples of oogenesis.

definite nucleolus.
Saccocirrus nucleolus

Apanteles nucleolus .

nucleolar deutoplasm.

definite nucleolus.

secondary nuclei (associated

with yolk-formation).

^ ,
.

1 , (definite nucleolus.
Grantia nucleolus . - \ . , i • /. , • i- ,x

(mitochondria ( chromidia ).

In certain other forms it is possible to recognize a process

of nucleolar extrusion early in oogenesis, but which appears

to lead to nothing (possibly in Patella).

The belief held by some observers that nucleolar extrusion

may be looked upon as a process whereby the nucleus sends

chemical messengers into the cytoplasm inducing growth to

begin, is discountenanced, for Saccocirrus at least, by the

very apparent fact that nucleolar extrusion is prone to much
variation in the point of time and the rate that it takes place

—

as shown by comparing the sizes of the eggs in PI. 3, fig. 23,

and PI. 4, figs. 29 and 33. The process is just beginning in

the first-mentioned figure, and has finished in the smaller

egg in the last-mentioned figure.

(c) On the Supposed Chroma tinic Nature of

Extruded Nucleolar Material.

If one fixes the testis or ovary of any animal in Zenker or

Petrunkewitsch fluid, and stains in Ehrhch's or Delafield's

haematoxylin and eosin or Biebrich's scarlet, it will be noted

that during the greater part of the development of the sperm

the chromatin stains blue, or basophil ; but there are certain

periods when what we can only assume to be true chromatin,
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as it is morphologically derived from preceding materials

which stained like chromatin, will be found to stain oxyphil,

or in the red stain. As Bayliss especially has shown clearly

in his valuable ' Principles of Physiology ', staining depends

on a number of more or less obscure factors, and it is probably

injudicious to lay too much weight on the results of staining

fixed material. In many of the parasitic Hymenoptera the

egg nucleus contains a large heavily-staining nucleolus which

buds off fragments, which pass through the nuclear membrane

into the egg cytoplasm, where they form what are known as

secondary nuclei. With safranin and light green the nucleolus

of the true egg nucleus stains red, and the nuclear (chromatinic)

network a green colour. In the sponge Grantia the plasmosome

of the oocyte partly passes into the egg cytoplasm to form

bodies called by Jorgensen and Dendy ' chromidia '

; I have

objected to the use of this term for such nucleolar fragments,

both because we do not know that they are chromatinic and

also because such ' nucleolar ' extrusions appear to be identical

with the mitochondria.

We must face the facts frankly : the chromosome theorists

would object to the identification of ' nucleolar ' extrusions

as chromatinic in nature and as derived from the definitive

chromosomes. I have shown above that staining tests are

not conclusive ; several others, and also I myself, have demon-

strated that the secondary nuclei are derived from extruded

fragments which in the case of such forms as Myrme-

cina or Apanteles are, I believe, to be regarded as of nucleolar

origin. We find, therefore, that fragments of the nucleolus

can form a true nucleus, with nuclear membrane, linin network,

and nucleolus.

Seiler (55 a) described in Lepidopterous eggs what he has

called a chromatin diminution process ; the polar body spindle

at metaphase is found to carry three groups of granules, the

two outer being the chromosomes which have divided and

are becoming separated, the middle group of granules being

apparently derived from the ends of the chromosomes by

a diminution process, well known in the somatic mitoses of
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the developing Miastor egg (32). Just before his untimely-

death Professor L. Doncaster was examining this problem,

and sent me some oi his slides for examination and sugges-

tions ; all that I could do was to recommend the use of stains

such as Auerbach and Pappenheim, and methyl blue eosin.

Digestion tests and such other microchemical tests are im-

possibk! when one is working on the minute spindle in a very

small C!gg. It certainly seemed to me that in the slides sent

by Professor Doncaster the intermediate bodies were derived

from the ends of the chromosomes as in Miastor. ^ Here again,

however, we are faced with the same difficulty with regard

to staining test, as I have pointed out with reference to the

nucleolus: we are not justified in saying that a substance is

chromatin simply because it selects methyl green from the

Pappenheim or Auerbach stains ; no one would care to say

that the head of the spermatid was not chromatin, yet at

certain periods it will select the red stain from the Pappenheim

or Auerbach fluid. To my mind it is useless to declare that

the head of the sperm at such stages is not true chromatin,

but has only changed its chemical nature ; the head of the sperm

is derived from chromosomes before it reaches the egg and

breaks up into chromosomes when it has penetrated into the

egg. The spermatid nucleus takes the red stain from the

Pappenheim or Auerbach fluid possibly because the arrange-

ment of its surface or internal substance is more favom-able

to the molecules of the red stain, and unsuited for the absorp-

tion of the green stain.

The facts of the matter are that we know very Httle about

the relationship between the nucleolus and the chromosomes,

both during mitosis and during interkinesis ; the same remark

applies when we come to the subject of the microchemical

nature of the nucleolus. I believe that a good step towards

the elucidation of the first-mentioned problem has been taken

by H. M. Carleton.

This observer has shown that the nucleolus of certain

vertebrates contains an argentophil core, or is related more

' I have often wondered why this work of Prof. Doncaster was not

edited and publiyhed.
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or less closely to a body which under certain conditions becomes

densely black in Cajal's formalin silver-nitrate technique for

the Golgi apparatus. During mitosis Carleton has shown that

the argentophil core which he calls a nucleolinus (Haeckel)

does not lose its individuality but divides, and may be found

among the two chromosome groups of the telophase. I have

been enabled to go through the preparations made by Carleton

and can vouch for the correctness of his description; more-

over, I possess preparations of the gut-cells of Saccocirrus,

of the follicle-cells of Stenobothrus, and of many tissues in

Eana, all of which show a typical nucleolinus. What is very

important is that Carleton has shown that the nucleolinus may
be associated with either a ' karyosome ' or a ' plasmosome

'

type of nucleolus. These remarks will serve to indicate the

importance of work carried out on the nucleolinus, especially

with Cajal's formalin silver-nitrate method ; Da Fano's cobalt-

nitrate method also serves to bring out the nucleolinus in some

forms.

Interpreting the work of Carleton on the nucleolinus, and

also in the light of Cajal's figures of various mammalian

tissues and my own materials of invertebrates, I believe that

the nucleolus, term used generally, might be morphologically

independent of the chromosomes during the germ-cell cycle

;

the nucleolus during interkinesis might exist as a compound

body consisting of a core which is argentophile and sometimes

chromophile to other stains, and this core might act as the

centre for the proliferation of a more extensive body which

functions as the plasmosome or karyosome of the ' resting
'

nucleus ; furthermore, during mitosis this outer region pro-

liferated from the argentophil core possibly becomes lost, to

be reformed in the next interkinesis. How far these suggestions

will be found correct is impossible to say at present, but many
of the facts we know now point in the direction I have indicated.

Moreover, this view would coincide with the already-formed

theories of the chromosome worker.

The nature of the nucleolus is mainly proteid, maybe even

in some cases nucleo-proteid, but its functions appear to be

different from those of the chromosomes. The nucleolus, like
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the chromosome, Golgi element, and niitochonch-ium, is capable

of growth and binary or multiple fission.

Buchner, in his paper on the secondary nuclei of parasitic

Hymenoptera, among the other conclusions, comes to the two

following: accessory nuclei are to be traced back at the

beginning, as naked chromatin (sic) granules lying in the

cytoplasm. From these granules develop enchylema, nuclear

membrane, and linin network, while the granule itself becomes

the nucleolus of the accessory nucleus. Buchner has used

safranin and light green and iron haematoxylin as stains ; he

labours under the delusion that what stains in a basic dye

must necessarily be chromatin. He states that the chromatin

granule which induces the formation of karyolymph, linin

network, and nuclear membrane, later becomes a 'nucleolus'.

Buchner figures the oocyte of Bombus and Myrmecina showing

the nucleoli of the head nucleus as red granules (safranin)

and a more or less faint chromatin (?) network green (' licht-

griin'). The accessory nucleus also shows a red nucleolus and

a green network. Buchner and others have concluded that

the red-staining substance of the head nucleus, which becomes

extruded through the nuclear membrane, is chromatin. As

I have mentioned before I do not believe that one should lay

too much weight on the staining tests (and Buchner has not

tried several of the stains I should like to have seen used),

but the points which must be emphasized are, firstly, that it

is proven that the nucleolus of many hymenopterous insects

does fragment and partly pass into the cytoplasm ; and

secondly, that these fragments do form secondary nuclei,

exactly similar in certain species, to the head or principal

nucleus. Call the red-staining body inside the head nucleus

what one may, plastin or chromatin, plasmosome or karyosome,

it is a fact that fragments of it can give rise to secondary

nuclei.

There is some temptation to use the facts which have recently

been described in parasitic Hymenoptera, and in this paper,

with reference to the behaviom* of nucleoh, as support for

a ' binuclearity ' hypothesis of some kind. In a recent paper
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on the giant germ nurse-cells of Testacella (4) I ventured to

interpret certain of my results in this manner, and it must be

said that the case of the secondary nuclei is very suggestive.

There are three possible modes of general interpretation

—

either the nucleolus represents a second chromatin of some

kind, but separate from the chromosomes, or it derives its

chromatin from the chromosomes, or there is some cell sub-

stance other than chromatin which has the attribute of forming

bodies similar to the ordinary nuclei, except for the presence

in them of true chromatin. Whether the power of production

of a nucleus-like body is to be looked upon as a proof of the

chromatinic nature of a granule is unknown.

(d) On the Special Part played by the

Nucleus during Oogenesis.

Kecent studies on the cytoplasmic inclusions of the germ-

cells have revealed the fact that all such units possess both

Golgi elements and mitochondria, and that these two categories

of formed elements take a prominent part in the upbuilding

of the egg cytoplasm. No one has claimed a nuclear origin

for the Golgi body, and in my work I have found a complete

Golgi apparatus in the earliest germ-cells which have been

studied—in molluscs, insects, birds, amphibians, and mammals.

The case of the mitochondria is different ; several observers

have claimed that they have found the mitochondria to

originate from the nucleus during early stages of oogenesis or

spermatogenesis. I had never seriously believed these accounts,

and still doubt most of them ; but in my own studies on the

sponge Grantia I was led to identify the ' chromidia ' of Jor-

gensen as the representatives of the mitochondria ; now
Dendy firstly, and then I, have shown that the ' chromidia

'

of Jorgensen are nucleolar in origin. I still have some doubts

as to whether true mitochondria do not exist in Grantia,

but my efforts to demonstrate other granules which might be

mitochondrial have so far not met with success; therefore

I can but assume tentatively that in the case of Grantia the

mitochondria are of nuclear origin.
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It is important to notice that careful modern work on

oogenesis confirms certain previous accounts of the extrusion

of nucleolar material into the egg cytoplasm, and puts on

a definite basis of truth the claim that the nucleus takes a part

in the development of the cytoplasm.

All such positive evidence which we possess in this direction

applies to the behaviour of the nucleolus, and 1 do not believe

that we are able to point to any circumstances which would

lead us to conclude that the chromosomes take a part, though

I think that such is the case. Probably the only significant

fact upon which we can fall back lies in the formation of

fioccuUuit thrcuids and reticula from the chromosomes after

the prophases of the heterotypic division, and just before the

real inception of the growth period of oogenesis. But this

might just as well be interpreted as preparation by the chromo-

somes for their own growth by means of substances absorbed

from the egg cytoplasm.

With regard to this difficult matter of the relationship

between nucleus and cytoplasm during oogenesis, I beheve that

zoologists may be able to ascertain new facts if they develop

and use more constantly the various silver-nitrate techniques,

which give pictures unobtainable by other methods.

(p) Schaxel's Chromatin Emission.

From time to time in these papers I have referred to Schaxel's

work on chromatin emission in a number of invertebrates

which he has studied. Criticisms which have abeady been

brought forward by me, in conjunction with Woodger, are that

Schaxel has not worked at his material by proper methods,

and he has not attacked the problem from the point of view

of the cytoplasmic inclusions. Furthermore, he has not estali-

lished that his granules are chromatin or that thev are emitted

through the nuclear membrane. With corrosive fixation, &c.,

and Ehrlich's haematoxylin, the granules are found to be baso-

phil, which probably proves nothing with regard to their

microchemical nature. A new phase in the problem of Schaxel's

work was introduced by Miss van Herwerden, who, by treating
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Strongyloentrotus eggs in a ' nuclease ' procured from spleen

and pancreas, succeeded in dissolving away Schaxel's granules,

which did not appear when the eggs were subsequently treated

by methods which fixed and stained the granules in eggs

not treated by the enzyme solution.

This work has been especially referred to by some recent

writers, who consider that weight should be attached to

Miss van Herwerden's statements.

With certain precautions, which were incomplete, she

prepared a proteolytic enzyme from spleen, according to the

directions of Sachs (52). Now I submit that her enzyme

solution was probably a mixture of several enzymes, ' nuclease

'

possibly, but also lipolytic enzyme as well. The fact that

cell granules disappear under treatment by such a solution

proves nothing with reference to their precise chemical nature.

These granules were possibly mitochondria whose proteid

basis was washed away by some protease, which would cause

them to disappear as definite granules—or what is more
hkely. Miss van Herwerden's ' nuclease ' contained a hpoclastic

body which swept away the linin content of the mitochondria.

Until an expert on enzymes prepares solutions whose con-

tents are known and whose reactions towards various organic

materials are completely worked out in vitro, until the

microchemistry and origin of bodies in question are better

understood, then and then only should one place any weight on

such work by enzyme action as that of Miss van Herwerden on

Schaxel's 'chromatin' granules. It should be noted carefully

that Schaxel's granules do not produce bodies resembling

nuclei, as happens in Apanteles, &c. ; one should not without

good reasons call any haematinophilous body chromatin

:

even if his granules are extruded from the nucleus, they might

just as well be nucleolar as chromatinic; and he might with

advantage try other methods.

Zoologists should note carefully that an espousal of Schaxel's

views seems to necessitate either the further adoption of

a binuclearity hypothesis or the rejection of the chromo-

some theory.
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For if Schaxol's granules aro chromatin, usinfj the word in

the sense that they are made of the same sort of material as

the chromosomes, either they must have originated from the

latter—have been budded off from them—or there must be

two kinds of chromatin in the egg nucleus.

I cannot see how the adoption of the first alternative will

allow one still to hold that the present-day chromosome theory

is likely to be true ; and the very behaviour of the nucleolus

in Apantoles shows that there is a body other than the

chromosomes which can produce a nucleus.

By placing one's belief in the second of the two alternatives

—

in some form of ' binuclearity hypothesis ', one could also make

many of Schaxel's observations fit in with the more theoretical

aspect of the question.

While my mind is as open as it well could be in view of my
own observations, I do not at present feel that Schaxel has

attacked the problem in the l)est way, and I refrain from

definitely accepting any of his views till some other observer

carefully reinvestigates his claims and uses all the best and

latest cytological techniques.

Perhaps it should be mentioned that the above remarks do

not commit me to the espousal of any ' binuclearity hypothesis ',

though I feel that there is some good evidence for such a postu-

lation.

(/) Centrifuge Experiments in Annelid Develop-
ment and what they demonstrate.

It has been shown in this paper that the major part of the

granules of the egg of Saccocirrus is derived from nucleolar

material extruded from the nucleus. If these nucleolar extru-

sions represent Schaxel's chromidia or the granules which

form the secondary nuclei in parasitic Hymenoptera, and if

they are of chromatinic nature, and not merely metaplasm

or yolk, one might expect them to play some special part

during embryonic development. They might even represent

organ-forming materials.

But apparently this is not the case : Lillio (43) has given
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some figures of centrifuged eggs of Chaetopterus and Nereis

which lead me to beHeve that in these animals the egg contains

fatty yolk (or oil) and nucleolar deutoplasm as in Saccocirrus.

In Chaetopterus he finds the layers in the centrifuged egg to

be a grey cap, upper (the ' fatty yolk ' of this paper), a clear

area in the middle, and a lower layer of ' yolk ' (my ' nucleolar

deutoplasm ' and mitochondria) ; these areas correspond

with the layers in the centrifuged Saccocirrus egg (p. 18).

Now, speaking of these layers in developing embryos and of

formative stuffs in general, Lillie remarks :
' So far as they

(formative stuffs) are to be identified with the visible sub-

stances segregated by the centrifuge, it would appear to be

indicated by experiments that they can play no specific role

in differentiation, because in centrifuged eggs they may
occupy variable positions in the embryo.' This view coincides

with that of Morgan (quoted in my previous paper (17)) and

with Miss Beckwith's study on Hydractinia. Any physiological

derangement during the development of centrifuged eggs seems

to be due either to mechanical difficulties of massed yolk or

to absence of nutriment.

It is interesting to note, too, that Morgan came to his

conclusion partly as a result of work on Echinoderm eggs,

where Schaxel finds an emission of ' chromatin ' granules.

{g) The Probable Part played by Mitochondria
and Golgi Apparatus in Heredity.

Modern cytologists tend to become divided into two groups

—

those working on the nucleus and those working on the cyto-

plasm. Nearly all modern text-books dealing with Heredity

and Sex treat exclusively of the part played by the chromo-

somes in the mechanism of Heredity, and most observers are

satisfied to accept the view that ultimately the nucleus is the

seat of the substances which contribute to bring about the

phenomena of Heredity. ' Die Mitochondrien sind die proto-

plasmische Vererbungssubstanz ' is a statement which serves

to show us that the chromosome theorist is not alone in this

field. In the germ-cell cycle the chromosomes have been

NO. 261 D
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shown by Van Beneden, Boveri, Wilson, Morgan, Montgomery,

McClung, Doncaster, and many othors, to go through certain

definite changes, which have been found to correspond with

many of the pecuhar phenomena of sex and heredity in breeding

experiments. The main facts ascertained with regard to the

chromosomes are briefly as follows

:

1. They are constant in number in any one species.

2. In ordinary cell-division each chromosome is halved so

that each moiety is a complete replica of its fellow.

3. In the formation of the germ-cells there is a process

whereby the ripe gamete comes to have the halved or

haploid nundjer of the chromosomes.

4. The male and female pronuclei in fertilization are

practically equivalent, and possess the same number of

chromosomes (overlooking the x and y chromosomes).

5. In the formation of the ripe spermatozoon no visible part

of the chromatinic substance is rejected.

In the cytoplasm of the animal cell it has been shown that

two important categories of formed protoplasmic elements

exist : namely, mitochondria and Golgi elements. The purpose

of this section is to compare and contrast the behaviour of

these protoplasmic bodies with the chromosomes of the nucleus.

Under the first heading
—

' That the chromosomes are constant

in number in any one species '—we may compare and contrast

the Golgi body and mitochondria. While it is not generally

possible to gain absolutely explicit evidence by examining

the mitochondria in most animals, it is nevertheless true

that in some forms the mitochondria are so few and so large that

definite counts may be made. As examples I give the follow-

ing : (a) In Paludina the typic spermatid may contain from

four to seven spheres. Four is the commonest number. These

spheres are suliequal in size in those spermatids which contain

four spheres and in those which contain seven, (h) Wilson (30)

has shown the same variation to apply in Centrurus. and Retzius

(25) also in a variety of Molluscs, (c) It was shown (9) that

in Helix aspersa the mitochondria in one spermatocyte
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or spermatid were often remarkably different in size and

number from those in another example. It is thus clear that

the mitochondria are not usually of markedly definite number

or size in the germ-cells or somatic cells of any given species.

With reference to the Golgi apparatus the same applies. In

Helix a s p e r s a (9) and in other Molluscs it was shown that

the dictyosomes or Golgi batonnets could vary in number

considerably.

Moreover, examination of preparations of this apparatus

in any somatic cells, as well as germ-cells, gives the impression

that the Golgi elements are variable to an extreme.

The statement
—

' In ordinary cell-division each chromosome

is halved '—may now be used as a basis for comparison and

contrast with what occurs in the mitochondria and Golgi

apparatus. In many cases it is difficult to get quite complete

evidence as to whether a mitochondrium does divide during

cell-division, but the general impression one gathers after

examining cells in division is that the mitochondria are sorted

out whole and haphazardly. In special cases, e. g. Centrurus

(30) and Paludina, it is possible that the elongate mitochondria

are halved transversely but not longitudinally. In by far the

majority of animals it seems tolerably clear that the process

of chondriokinesis or distribution of the mitochondria (or

chondriosomes) between the daughter-cells is haphazard,

and not in any way comparable to the process of karyokinesis.

This result has been arrived at by a number of independent

workers, and may be taken as established.

The Golgi body in the dividing cell consists of rods or granules

(dictyosomes) ; in most cases these dictyosomes keep around

the zone of the amphiaster, often stuck on the asters them-

selves, and, as with the mitochondria, the observer is impressed

with the fact that the whole train of events in dictyokinesis,

or the distribution of the dictyosomes between the daughter-

cells, is extremely haphazard and much less precise than

with the process of karyokinesis. That this is so can easily be

shown to be the case in the molluscan germ-cell ; in the sper-

matid of Limax maxim us the Golgi apparatus generally

D 2



36 J. BRONTii GATENBY

consists of two dictyosomes (' Nebenkern ' batonnets) ; but

in other cases there may be three, and one never finds a

spermatid with a single batonnet. It is therefore certain

that during dictyokinesis the Golgi elements are not always

sorted out equally. That the Golgi rod is divided or halved

like the chromosome is unlikely from this evidence, described

in detail elsewhere (9 «) : in Li max agrestis the spermato-

cyte has a Golgi apparatus formed of some eight dictyosomes

or batonnets. This cell divides twice to give rise to four

spermatids, ))ut each of the latter only contains two of the

Golgi batonnets ; this shows that in dictyokinesis the batonnet

is not divided like the chromosome.^

With regard to the fact of the maturation of the germ-cells

and the reduction of the chromosome number, nothing com-

parable can be found in either mitochondria or Golgi elements

of germ-cells. In the egg the polar bodies rarely contain mito-

chondrial granules or Golgi elements, and never in such

quantity as to suggest a special reduction in number. In the

case of the male germ-cells the same applies: the first and

second maturation divisions (chondriokinesis) in the male

are of the same type, and while they bring about a halving,

and then a rough quartering of the original number of mito-

chondria in the spermatocyte, this process is not of the same

nature as the reduction of the chromosomes. The same remark

applies to the Golgi elements in dictyokinesis of the male

germ-cells during maturation.^

In the last stages of gametogenesis in the male no chromosomes

are lost : the case of the mitochondria and Golgi apparatus is

instructive, for in many Mollusca it has been shown that

possibly all the Golgi elements, and much of the mitochondrial

matter, are lost during spermateleosis, being sloughed off the

tail of the sperm (9, 9 a). Such seems to occur with the mito-

chondria in Mammalia ; Eegaud shows that the bead of

sloughed off protoplasm of the sperm of rats may contain

mitochondria (24), though the main bulk of the granules

forms part of the sperm. In other words, the chromatin of the

1 See also Ludford and Gatenby, ' Proc. Roy. Soe.', vol. 92, 1921.
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sperm is the only part which is meticulously guarded during

spermatogenesis of all animals.

That the male and female pronuclei contain the same number

of chromosomes (leaving out the special x or y chromosomes)

is a notorious fact. The sperm never contains as many mito-

chondrial granules as the egg, and in only one case (A s c a r i s

megalocephala (32)) has it been shown that at the time

of fusion of the o^ and ? pronuclei, the number of mito-

chondria of the a^ gamete are about the same as those of the

5 . The above comparisons show conclusively that of all the

cell elements the chromosome is the only one whose behaviour

is precise and coincident with the expected conduct of bodies

directly engaged in the processes of heredity, the results of

which, as breeding experiments show, are often of previously

calculable exactitude.

As direct bearers of any important or precise factors of

heredity, the Golgi body and mitochondria appear to be ruled

out by their inexact and variable behaviour in the germ-cell

cycle. The chromosomes, and the chromosomes alone, fulfil

the necessary conditions.

11. Summary.

Spermatogenesis.

1. The spermatogonium is of the usual type, containing both

mitochondria and Golgi apparatus (PL 1, fig. 7).

2. The spermatocyte contains the same inclusions as the

spermatogonium, but in addition there is to be found, in

a large number of cases, a group of granules generally lying

near the Golgi elements and giving the microchemical reactions

of true yolk, i. e. turning greenish yellow in chrome-osmium

fixatives, not staining in haematoxylin or acid fuchsin, and

generally dissolved out by strong lipoid solvents (PI. 1, fig. 1, y).

3. Nurse-cells often accompany groups of spermatogonia.

The nurse-cells contain large quantities of yellowish yolk,

as well as fuchsinophil bodies, possibly mitochondrial in

nature (PI. 1, fig. 1, yc).
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4. In the spermatooyte there is another group of granules

to be found, especially in Kopsch (OsOJ preparations. These

are individually much larger than the four members of the

group of yolk-granules, and are about ten to sixteen in number

;

they go brownish in OSO4. These larger granules have been

traced into the spermatid, where about three or four are present,

and appear to form the sides of the mitochondrial part of the

sperm-tail (PI. 1, tig. 2, x, and PI. 2, figs. 11 and 12, x).

5. During the spermatocyte division prophases, the group

of yolk-granules is found to take up a position near the equator

of the sphidle (PI. 1, tig. 4, y), and subsequently becomes

divided into two smaller groups in later stages of the division

(PI. 1, tig. 5). This process occurs in both maturation divisions,

so that each spermatid contains about one-quarter of the

yolk-granules of the spermatid. The mitochondria, as is

generally the case during cell-division, become altered in such

a way that they form a tangled mass of thread-like bodies,

which are subequally sorted out into two portions, one in

each daughter-cell (PI. 1, figs. 4 and 5). The larger group of

granules which were thought to form part of the tail-sheath

were not found during mitosis.

6. The newly-formed spermatid contains the usual inclusions

plus the group of yolk-granules (v in PI. 2, fig. 8). At this

stage the sperm-sheath granules are occasionally found, and

occur much more often in later stages (PI. 2, fig. 9, x).

7. The spermateleosis stages, or metamorphosis of spermatid

into spermatozoon, are remarkable for the mamier of formation

of the tail-sheath. The mitochondria become grouped behind

the nucleus and around the outgrowing axial filament, while the

Golgi elements and yolk-granules take up a position behind

the mitochondria (PI. 2, fig. 9). Tail-sheath granules are

usually found in the vicinity (x in PI. 2, fig. 9).

8. The mitochondria, hitherto single and all approximately

equal in size, now begin to run together, hke rain-drops, forming

groups of larger and smaller granules (PI. 2, fig. 10, mm and m).

This process goes on till only three large subequal spheres are

left (figs. 11,12, and 14), and then these spheres begin to elongate
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to form the mitochondrial tail-sheath (PI. 2, hg. 18 and 16).

The tail-sheath granules are seen at x in PI. 2, tigs. 11, 12,

and 14.

9. Dm-ing these stages the Golgi elements tend to become

thrown downwards along the length of the sperm (PI. 2, tig. 16),

and this also occurs with the yolk-granules. In a bunch of

ripe sperms within the body of the male Saccocirrus small

granules are always found on the lower region of the sperm-

tails, and there seems to be good evidence that such elements

are derived from the Golgi apparatus (PI. 2, figs. 17 and 18).

If the receptaculum seminis of the female is examined, such

granules are also found on the tails of the sperms (PL 2, fig. 18,

GAX).

Fertilization.

10. Saccocirrus is an example of precocious entry of the

spermatozoon into the unripe oocyte (PI. 8, fig. 22). The

nuclear head of the sperm alone enters the egg completely

at first, while the tail remains plastered on the surface of the

young oocyte (PI. 8, fig. 22, head at sp, fragments of tail

at spt). It is very difficult therefore to say whether these

sperm-tail fragments are or are not inside the oocyte cytoplasm

at this period. Later on, however, it is quite easily observed

that the elements of the sperm-tail do enter the egg, break up

further, and form large numbers of spherical granules (con-

secutive stages given m PL 8, hgs. 21, spt, 22, spt, 24, and 25).

11. In many cases one cannot help believing that these

beads, derived from the remains of the sperm-tail, grow in

number and in size (cf. PL 8, figs. 28 and 25).

12. These beads always remain in the periphery of the egg,

but do not seem to take any noticeable part either in the forma-

tion of yolk or in any process of fertilization. Careful examina-

tion of the periphery of many oocytes reveals the fact that the

granules are of two types, one going yellowish in OSO4, the other

going black, as shown in PL 8, fig. 21. It was thought that

the black granules might have something to do with the

black granules noted on PL 2, fig. 18, gax, which were con-

sidered to be derived from the Golgi apparatus.
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13. The pcripheml granules of both types later disappear

or become hidden by the formation of clouds of nucleolar

deutoplasm.

Oogenesis.

14. By staining, fixing, and by centrifuge experiments it

can be shown that the full-grown oocyte of Saccocirrus con-

tains four distinct kinds of formed ' yolk '-granules, i.e. Golgi

elements, mitochondria, true yolk, nucleolar extrusions or

nucleolar deutoplasm. (See their fixing and staining reactions

in a table on p. 18.)

15. The most numerous and chemically most resistant granules

are neither mitochondria nor Golgi elements, but are derived from

nucleolar extrusions. At a very early stage the oocyte nucleolus

buds off pieces which pass through the nuclear membrane,

but at first remain stuck on its outer surface (stages in PI. 3,

figs. 23, 24, and 25, nl). At one stage these nucleolar deriva-

tives form an extraordinary picture, being stuck all over the

nucleus in the form of pyramidal bodies, whose base adheres

to the nuclear membrane (PI. 3, fig. 23). The nucleolar deriva-

tives stain intensely in haematoxylin or fuchsin (fig. 23), but

only go yellowish in osmic acid (fig. 21).

16. Later on these pyramidal granules lose their connexions

with the nuclear membrane, but, remaining quite near, become

the centres of numbers of large vacuoles which appear (PI. 4,

fig. 29). Inside these vacuoles the nucleolar granules partially

break up, and subsequently, after the absorption of the

vacuoles, the granules move out further from the nuclear

membrane and form clouds of granules in the egg cytoplasm

(PL 4, figs. 30 and 34). The marked vacuolar stage in the

history of the egg seems to occur with suddenness, and is not

discoverable at this period in all eggs of this size (PI. 4, fig. 29).

It is just about this stage that great activity is noticeable

around the periphery of the nucleus, as shown in PI. 4, fig. 35,

by formol-silver nitrate technique. The nucleolar deutoplasm

forms dense clouds of heavy granules throughout the entire

egg cytoplasm.

17. If the ovary of Saccocirrus be prepared by a silver
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nitrate or osmic acid Golgi-body method, an appearance such
'

as shown in PL 3, fig. 19, is seen. Large numbers of crescent-

shaped bodies, such as were noted in the spermatocyte (PL 1,

figs. 6 and 7), occur throughout the cytopLism. In younger

oocytes the bodies of the Golgi apparatus are densely packed

and placed to one side of the cell (PL 3, fig. 20, ga). Such

Golgi elements eventually divide rapidly, and spread out,

as fine crescents or slightly elongated rods, through the cyto-

plasm of the full-grown oocyte (PL 4, fig. 32, ga).

18. If the ovary be treated by a chrome-osmium method,

and stained in iron alum haematoxylin or acid fuchsin, fine

mitochondria become visible (PL 3, figs. 23, 24, 25, m). Such

mitochondria are difficult and sometimes impossible to see in

the youngest oocytes and the oogonia.

19. In chrome-osmium preparations there are also to be

seen fine true yolk-spheres, characterized by the fact that they

go yellow-green in the fixative and do not stain in haematoxylin

or fuchsin.

20. By centrifuging the oocyte, three layers appear, viz. an

upper layer formed of true yolk (greenish), a middle clear

protoplasm layer, and a lower layer mainly formed of nucleolar

deutoplasm, with a mixture of mitochondria.

21

.

In many oocytes an enigmatic body, much like a secondary

nucleus, was noted (PL 3, fig. 23, xn, and PL 4, fig. 30, xn).

22. The oogonial cytoplasm is oxyphil, and during oogenesis

becomes basophil, and then again oxyphil in the full-grown

oocyte (p. 16).

Intermediate Cells.

23. In PL 1, fig. 3, is a cell found in a male Saccocirrus,

and it shows characters intermediate between an egg and

a spermatocyte (p. 20).

Discussion.

24. The above facts are discussed on p. 21, and also the

probable part played by mitochondria and Golgi bodies in

heredity (p. 33).
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18. EXPLANATION OF PLATES 1-4.

Illustrating Professor J. Bronte Gatenby's Paper
ON THE GaMETOGENESIS OF SaCCOCIRRUS.

Explanation of Lettering.

AS, acrosome. ar, archoplasm or centrosphere. CH, chromosomes.

CHO, vitelline membrane, cl, cortical lamellae of egg. ga, Golgi apparatus
(' Nebenkern '), Golgi body or element, gax, body supposed to be a part

of the Golgi apparatus. GX, body believed to be forming the acrosome.

M, mitochondria, mm, macromitosome or forming middle-piece (mito-

chondria) of sperm-tail. N, nucleiis. nl, nucleolus, or fragments of

latter forming nucleolar deutoplasm. nlx, nucleolar bodies homologous
with the true nucleolar deutoplasm of egg. nlv, vacuoles around the

nucleolar extrusions, sb, spindle-bridge, spt, sperm-tail, spz, sperma-

tozoa, sp, sperm inside young oocyte, v, vacuoles in ground protoplasm

of oocyte, x, bodies believed to form a part of the skeleton of the sperm-

tail, on each side of the macromitosomal (mitochondrial) spheres, xn,

nuclear-like bodies sometimes found in oocytes, possibly secondary

nuclei, xy, bodies near asters, possibly part of the Golgi apparatus.

Y, yolk-spheres, yc, yolk-cell or nurse-cell.

Scale of Figures.—On PI, 1, all figures, except number 6, are drawn
to the scale indicated in the middle of the plate. The scale for fig. 6

is near the drawing.

On PI. 2, all figures, excepting 17 and 18, are drawn to the scale in the

middle of the plate, the scale for figs. 17 and 18 being near by.

All figures on PI. 3 are drawn to the scale on the right-hand side. On PI. 4,

all figures, excepting number 34, are drawn to the scale given below fig. 29,

Techniques Used .—m.k., Mann-Kopsch osmium tetroxide method.
CH.K., Champy-Kull chrome-osmium acid fuchsin toluidin blue and aurantia

method, d.f., Da Fano's cobalt nitrate formol-silver nitrate method.

Plate 1.

Fig. 1.—Full-grown spermatocyte and part of nurse- or yolk-cell on
left. In the spermatocyte the Golgi apparatus (ga), the mitochondria (m),

and the group of yolk-spheres (y) are to be seen. The nurse-cell contains
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large yolk-spheres (y) and Hinaller fuchsinophile bodies, possibly mito-

chondrial in nature (m). ch.k.

Fig. 2.—Younger spermatocyte from a Mann-Kopsch preparation, show-

ing at X a number (about two) of largish spheres, believed to be identical

with the same bodies marked x in figs. 9, 10, and 11, and which seem to

take some part in the formation of the tail skeleton of the sperm. At y

are the yolk-granules, and at oa the Golgi apparatus ; compare this with

fig. 1, in which the apparatus is formed of delicate slightly-curved rods.

In fig. 2 the rods arc heavily impregnated with OsOi, and possibly owing

to a shrinkage of the centrosphere, they have become much more curved.

The mitochondria do not show. m.k.

Fig. 3.—Cell of the spermatocyte series but showing a modification
;

the mitochondria are small, like those of the egg (fig. 24), and peri-nuclear

bodies are present at nlx (compare with egg in fig. 23). At y is a group

of yolk-spheres. CH.K.

Fig. 4.—Metaphase of second spermatocyte division. Note alteration

in shape of mitochondria (m), which from their previous granular structure

(fig. 1) have become filiform. At Y the group of yolk-spheres has lx»come

grouped near the spindle preparatory to being sorted out into two groups

as in the next figure. At XY are bodies supposed to be Golgi elements

stuck on the poles of the asters.

Fig. .5.—Telophase of second spermatocyte division, the equatorial plate,

is forming, and the mitochondria, still filamentous, are grouped near in

a special manner, being most numerous near the forming cell-wall. At

y are the yolk-spheres, now sorted out into two groups, ch.k.

Fig. 6.—Spermatocyte, for comparison with the oocytes in fig. 20. m.k.

Scale above.

Fig. 7.—Spermatogonium drawn to same scale as spermatocyte in fig. 1

.

Shows Golgi apparatus consisting of from eight to ten dictyosomes or

rods, a spindle-bridge at SB, and the mitochondria at M, grouped near

the centrosphere. m.k., counter-stained in Aitmann.

Plate 2.

Fig. 8.—Newly-formed spermatid, showing the Golgi apparatus some-

what scattered on the right and the mitochondria surrounding the nucleus.

The yolk-granules form a compact group at Y. The centrosome would be

on the right side of the nucleus, ch.k.

Fig. 9.—Later spermatid after the outgrowth of the axial filament.

The spheres at x are probably of the same nature as those drawn in PI. 1.

fig. 2. The mitochondria have now become grouped behind the nucleus

at M, while the Golgi elements (ca) and yolk-spheres (y) have drifted to

the bottom of the elongating cell. The cytoplasm, as in many Kopsch

(OsOi) preparations, is coarsely fibrillar. At GX is a body believed to be

forming the acrosome. m.k.. counter-stained in Altmann.
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Fig. 10.—Later stage. The mitochondria have begun to rim together

to form a number of larger sphei'es (mm). At X is one of the large granules

seen in fig. 9 and in PI. 1, fig. 2, while at Gx is the same body mentioned

in the description of fig. 9. The yolk-granules (y) form a fine group to

one side of the cell. The nucleus in this cell is still spherical, in this being less

advanced than that of fig. 9, which is depressed, ch.k.

Fig. 11.—Later spermatid, nucleus now depressed on one side, or cap-

shaped. The macromitosomal spheres (mm), ' Nebenkern ' of some authors,

are larger, not all the same size, and there is still a collection of unused

mitochondria at m. The acrosome is seen as a thickened edge of the

nucleus at as. Other parts as before, except that notice should be taken

of the fact that the Golgi elements (ga) have become drawn up below the

macromitosomal spheres, ch.k.

Fig. 12.—Later stage, all mitochondria have run into the macro-

mitosomal spheres (mm), only two of which are shown. Golgi apparatus

still drawn up below the mitochondrial spheres. The cytoplasm is stringy

as is often found in osmic-acid preparations. Nucleus further depressed

and shrinking in size, m.k., counter-stained in Altmann.

Fig. 13.—Forming spermatozoon, showing elongated macromitosome
(mm) and other cell inclusions, ch.k.

Fig. 14.—Macromitosome or mitochondrial spheres, at the stage of

fig. 12, but viewed from below. Note skeletal granules at x, and unequal
size of spheres, ch.k.

Fig. 15.—Part of tails of fully-formed sperms, at a higher magnification

than in fig. 17, to show the bodies marked gax, which are thought to be

Golgi elements, m.k.

Fig. 16.—Forming spermatozoon, at a stage later than that drawn in

fig. 13.

Fig. 17.—Bundle of ripe sperms from coelom of male ; refer to fig. 15,

m.k.

Fig. 18.—Receptaculum seminis of female, to show the presence of the

special granules (gax) on the tails of the spermatozoa, spz. m.k.

Plate 3.

Oogenesis of Saccocirrus.

Figs. 19 and 20.—Four oocytes prepared by the Mann-Kopsch-Altmann
method to show Golgi apparatus. The peculiar peripheral granules

derived from the sperm-tail (spt) arc shown well. At sp is the head of

the spermatozoon, and at nl a peri-nuclear thickening marking partly the

nucleolar extrusion, and also as well the peri-nuclear activity, which seems
to be something apart from nucleolar extrusion (note also PI. 4, fig. 35).

Fig. 21.—A later stage showing Golgi apparatus and advanced nucleolar

extrusion, nl. The peripheral granules in such Kopsch preparations

appear to be of two sorts—those staining quite black, and those yellowish.
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1. Introductory.

In a previous paper in this journal (1) I described a new type

of nephridial system, which is found in Indian earthworms

of the genus Pheretima and which I called ' enteronephric '.
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The essential feature of this system is that the numerous septal

and pharyngeal nephridia (all micronephridia) are connected

with an elaborate system of ducts, which open, not on the

surface of the skin but into the lumen of the intestine and other

regions of the gut (buccal cavity and pharynx). These nephridia

of the ' enteronephric ' type co-exist in Pheretima with

the integumentary nephridia, which are exceedingly numerous

on the inside of the body-wall, and open on the surface of

the skin through separate nephridiopores, like ordinary

Oligochaete nephridia. Although in my paper I referred very

briefly to the possible physiological significance of the discharge

of excretory fluid into the gut of this worm, I did not enter,

for want of embryological data, upon any discussion concerning

the morphological significance of the discovery of the ' entero-

nephric ' type of nephridial system, in relation to the com-

monly accepted view, due mainly to Goodrich (9 and 10),

that all Oligochaete nephridia ' develop centripetally as it

were, and quite independently of the coelom and are probably

derived from the epiblast '.

While little doubt could be entertained, from a study of

the disposition of the nephridial system of the adult worm,

with regard to the ectodermal origin of the integumentary

nephridia, it was difticult to believe that the septal and pharyn-

geal nephridia also had a similar origin for two reasons. In

the first place, these nephridia have not only no connexion

with the body-wall but are connected instead with the inter-

segmental septa, which are mesodermal structures ; and they

open, through an elaborate system of ducts, presumably

mesodermal, into the lumen of the gut, the wall of which is

partly mesodermal and partly endodermal. In the second place,

the septal nephridia differ from the integumentary ones in

that the former possess open ' funnels ', which are absent in

the latter. Although no solenocytes or ' flame-cells ' have been

found on the integumentary nephridia, the presence of a

coelomic funnel in one case and its absence in the other might

lead one to ascribe a different origin to the two sets of structures.

In fact the connexions of the septal nephridia and their ducts
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in the adult worm seemed to negative the ectodermal theory

of the Oligochaete nephridium, and to point to a mesodermal

origin of these nephridia of the new type.

It thus became evident that interesting results would be

obtained from a study of the course of development of the

nephridial system of this worm, and accordingly I undertook

to investigate the problem and the following pages embody
the results obtained by me.

The work was carried out in the Department of Comparative

Anatomy at Oxford, under the general supervision of Professor

E. S. Goodrich, to whom I am very much indebted for the

keen interest he has all along taken in my work and for his

valuable help and advice.

2. Historical.

The question of the origin of nephridia in Oligochaetes has

engaged the attention of many distinguished observers. The

early investigators, like Kowalewski (11), regarded the nephri-

dium as a tube connecting the coelom with the exterior, and

believed that a nephridium arose by a growth of the septal

wall of the coelom, that it gave rise to a chain of cells projecting

backwards, which eventually fused with the ectoderm and

then became hollowed out, so that the whole nephridium is to

be looked upon as a ' tail ' of the coelom. Moreover, since the

first trace of a cavity appears in the region of the funnel and

is a prolongation of the body-cavity, the cavity of the nephri-

dium might be said to be part of the coelom. Bergh (6) derives

the whole nephridium, including the funnel, of Criodrilus

and Lumbricus from a single large cell, the ' funnel-cell ',

lying close to the epiblast, between each successive pair of solid

mesoblastic somites. The origin of this ' funnel-cell ', from

which the whole nephridium develops, has been a matter of

considerable dispute. In a later paper on the subject (7)

Bergh denies the origin of the ' funnel-cell ' from the nephric

row in Criodrilus and Lumbricus, and asserts that the

funnel and the body of the nephridium have a separate and

different origin in K h y n c h e 1m i s , the upper lip of the funnel
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arising not from the ' funnel-cell ' (' Trichterzelle ') but from

a j)eritoneal cell.

This view of the mesodermal or the so-called ' intraperitoneal

'

origin of nephridia is in strong contrast with that held by

Hatschek, Wilson, Meyer, and Vejdovsky (in his later work),

which ascribes an ectodermal or a ' retroperitoneal ' origin to

the main body of the nephridium and traces the ' funnel-cell

'

to the primary nephric row. According to this view the ' funnel-

cell ' arises from the primitive cell-row, or nephric cord, formed

by the repeated division of one of the teloblasts on either side.

In the earlier stages, this teloblast and the nephric cord to

which it gives rise lie on the surface of the embryo ; thus the

' funnel-cells ' are epiblastic in origin. From the nephric row

one cell enlarges and enters into connexion with each successive

segment ; these large cells, arranged inetamerically outside

and between each pair of somites, are the so-called ' funnel-

cells '. In some worms, like Dendrobaena and Lum-
b r i c u s , the ' funnel-cells ' give off the chain of posterior cells

whilst separating from the nephric row, thus remaining for

some time in connexion with it. In other cases, such as

Oriodrilus, the ' funnel-cells ' appear to separate first (9).

This view of the superficial origin of nephridia was strongly

supported by Goodrich's work (10), in which he showed that

in certain Polychaetes (e.g. Nephthys) the nephridia do not

open into the coelom at all, but terminate internally in a bunch

of solenocytes which project into the coelom. He regarded

the nephridium as essentially an ectodermic structure com-

parable with the excretory tube of a Nemertine or of a Platy-

helminth. According to him the excretory organs of Oligo-

chaeta are ' true ' nephridia, i.e. tubes originally blind which

have acquired secondary communications "vnth the coelom,

as distinguished from the ' coelomoducts ", the term he uses

for purely mesodermal structures. He points to the co-existence

of the genital duct (which is a wide short coelomoduct) and the

nephridium in the same somite, in Lumbricus, as evidence

that the two structures cannot be homologous with one

another (12).

'o^
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The question as to which category (epiblastic or mesoblastic)

the Ohgochaete nephridia belong has recently been attacked

by Staff (15), by renewed researches into the mode of their

development in Criodrilus.

Staff found ' that in Criodrilus lacuum the mother-

cells of the nephridia appear in the ectoderm at the hinder

region of the embryo, and here act as teloblasts, giving

rise to strings of cells by continuous budding off of smaller

cells in front of them, like the mesodermic teloblasts situated

internally to them. There are on each side four rows of such

ectodermal teloblasts, and the rows of cells to which they give

rise become wedged in between the ectoderm and the coelomic

mesoderm. The strings of cells destined to give rise to the

nephridia are broken into groups, and one group is pushed into

each septum which divides one coelomic sac from another.

Here each group grows and gives rise to a chain of cells, and

this cell-chain becomes hollowed out and forms a tube. Its

most internal cell projects into the coelomic cavity between the

coelomic cells forming one side of the septum, and forms

the greater part of the coelomic funnel of the nephridium. The

lower lip of the funnel is constituted by one huge cell belonging

to the coelomic wall ' (12).

According to Staff, therefore, the nephridia develop from

the ' retroperitoneal ' cell-row, lying lateralwards to ' primitive

muscle-fibres ' in the manner that this breaks up in segmentally-

arranged cell-groups, which project into the body-cavity and

are covered over with the peritoneum. The whole nephridium

is really ectodermal. The result of Staff's investigation,

therefore, is to uphold Goodrich's view.

The earthworm Pheretima (Perichaeta), the develop-

ment of which I have studied for the purpose of this paper,

has all along been held to possess a branched ' plectonephric
'

nephridial system, a term which has become inapplicable to

the system in Pheretima on our further knowledge of it

gained recently (1). The development of this latter type of

nephridia has been investigated by Beddard (3) in Octo-
chaetus multiporus, by Vejdovsky (16) in Mega-
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scolides australis, and by Bourne (8) in Mahbenus
i m p e r a t r i X and P e r i c b a e t a p e 1 1 u c i d a

.

The earthworm Octochaetus (Acanthodrilus) pos-

sesses, in the adult condition in the interior of its body, eight

tufts of nephridia in each segment, but a much larger number

of external orifices for these nephridia. The funnels are present

on these nephridia in the hinder region only and not in the

anterior region (4). During development, according to Beddard

(3), the embryo possesses a paired series of organs in each

segment, which, as Vejdovsky thinks, are probably the equiva-

lents of the pronephridia of Lumbricus. These paired

nephridia of the embryo are, however, provided with well-

developed ciliated and functional nepln'ostomes.

Beddard was not able to follow these paired nephridia to the

condition obtaining in the adult, and his work is very incom-

plete ; but he thinks that the nephridia of the embryo are

converted into those of the adult, firstly by a temporary

cessation of function (?) in a part of the nephridium—the por-

tion nearest the funnel—which is produced by the disappear-

ance of the lumen, and secondly by the active growth of this

part of the nephridium, as well as other parts, and by the

formation of a fresh series of apertures to the exterior.

Our knowledge of the development of nephridia in the

Australian earthworm Megascolides is fairly complete.

In the adult condition of this worm the diffuse network of

minute excretory tubules is reinforced by the existence of

larger paired tubes, one pair to each segment ; and these large

paired nephridia appear to be in connexion with the smaller

tubes. We have, therefore, both the ' meganephric ' and the

' plectonephric ' systems existing side by side in the same

worm. Vejdovsky (16) has found that ' in this worm also,

during development there is to begin with a pair of nephridia

to each segment ; these have a fuimel, and from the fuimel

leads a straight duct not perforate ; here and there the cells

become larger and finally form loops ; these loops ultimately

increase in size and become comphcated coils, the comiective

point of the original tube degenerating into a mere strand of
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connective tissue. The last step is the ahsohite severance of

the connexion. Thus it appears, firstly, that the nephridial

system of this worm originates from a pair of pronephridia to

each segment ; and, secondly, that this becomes broken up

into a large number of nephridia, of which one only—the large

paired nephridium—retains the funnel ' (4).

The development of nephridia in Mahbenus imperatrix
described by Bourne (8) is remarkably similar to that of the

nephridia in Megascolides described by Vejdovsky (17).

The only difference is that while in the former the funnel is

at no stage well developed, is probably never functional, and

afterwards entirely degenerates, in the latter the funnel is

retained by one pair of nephridia. In fact, the resemblance

in the development in the two forms is so great that there

is a remarkable similarity between Vejdovsky's diagram

(PI. 32, fig. 5) showing the development of nephridia in

Megascolides and Bourne's diagram (PI. 5, fig. 39) showing

the same in Mahbenus.
From the foregoing account of the history of our knowledge

of the development of nephridia in earthworms we arrive at

three more or less definite broad conclusions. The first is with

regard to the fundamental problem of the ultimate origin

(ecto- or mesodermal) of the Oligochaete nephridium. As we
have seen, there is an overwhelming amount of evidence to

show that the nephridia in Oligochaetes are certainly ectodermal.

Secondly, in all forms with the so-called ' plectonephric
'

system, studied so far, this adult condition is preceded in the

embryo by a condition of paired pronephridia in each segment.

In the third place, the adult condition of diffuse micronephridia

is derived by the breaking up into separate loops of the em-

bryonic pair of pronephridia, the original funnel either being

retained by one of the nephridia in each segment or degenerating

altogether.

The present work on the development of nephridia was

undertaken to find an answer to the following questions :

1. Are all the three types of nephridia in Pheretima
ectodermal in origin '?
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2. If they are ectodermal, how do the septal nephridia with

their ducts come to lose all connexion with the body-wall

and be associated with the septa and the gut, which are meso-

dermal and ondodermal structures respectively ?

3. Is the adult condition of nephridia preceded by a ' mega-

nephric ' or paired condition in the embryo ?

4. If so, how is the adult condition derived from the em-
bryonic condition ?

5. Do facts of development throw any light on the phylogeny

of the Oligochaete nephridial system ?

3. The Cocoon.

The egg-capsules or cocoons of Pheretima do not differ

in any essential particular of structure from those of Lum-
bricus, Allolobopliora, or Acanthodrilus, pre-

viously described by Vejdovsky (16) and Beddard (3) ; but

I am recording here my observations on the cocoons of this

worm to bring out their special characters.

I have no observations to offer on the mode of formation

of this structure in Pheretima, but I have no reason to

doubt that it is formed in much the same way as in all the

other genera where cocoon-formation has been carefully

studied, and that the clitellum alone is concerned in its pro-

duction.

^ Although the cocoons vary somewhat in size, they are very

much smaller than those of Lumbricus. On an average

they are about 1-5 to 2 mm. by 1-8 to 2-4 mm., i.e. about

one-third the size of the cocoons of Lumbricus.
The cocoons are light yellow or olivaceous in colour, the

empty cases having a clear transparent olive colour. In form

they are more or less rounded in shape and give a distinctly

swollen appearance, the two ends being drawn out into very

short fibrous appendages.

My observations on the time of egg-laying are based on two

species of Pheretima, namely P. posthum a and

P. rodricensis. The cocoons of the first species were found

by me at Allahabad (India) in spring and summer months
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(March to June) out of doors in moist places in the surface

layers of the soil in abundance, but during the rains (July

and August) they were very rare. My friend Mr. B. K. Das

has since informed me from Allahabad that he has been able

to collect cocoons of earthworms (not necessarily of Phere-

tima) in the months of November, December, January, and

February ; and he rightly suspects that egg-laying continues

almost throughout the year. Of course the number of cocoons

found in the winter months is very small, since the surface

layers of the soil get very dry on account of the prolonged

drought, and the worms go deep into the soil and are them-

selves difficult to obtain.

As regards the cocoons of P. rodricensis,i my observa-

tions are based on worms kept in captivity in garden -pots in

a hot-house. In order to make sure of the specific identity of

my cocoons I kept worms of this species in sterilized earth,

to which decaying leaves previously sterilized were added from

time to time. From a number of garden-pots containing

these worms I could obtain cocoons in any number containing

embryos at various stages of development throughout the

year. The statement is usually made in text-books that

' egg-capsules are formed in spring or early summer and

the young worms grow mainly during the summer months.

Sometimes large clusters matted together may be found in

autumn packed away under clods or in banks where there is

a favourable condition of moisture '.^ Wilson (18) says,

' egg-laying seems in special cases to continue throughout the

year, though it is most active in the spring and summer

months. I have found the capsules of Lumbricus
foetidus out of doors in nearly every month of the year,

but in mid-winter they are only found in decomposing compost-

heaps where the temperature is maintained at a tolerably high

point '. From these authorities and from my own observations

I am inclined to believe that the time of egg-laying depends

1 I am indebted to Col. J. .Stephenson of the University of Edinburgh

for identification of this species.

2 Osborn, ' Economic Zoology ', New York, 1908, pp. 110-11.
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very largely on the external conditions—temperature, moisture,

and the richness of soil. My garden-pots containing the worm
were kept quite damp ; the temperature of the hot-house was

always about 60° F. and the soil was frequently ' manured ',

so to speak ; and it is no wonder, therefore, that under these

artificial conditions cocoons were obtained at all times of the

year. In nature these conditions are best fulfilled in spring

and early summer, and hence we get the greatest activity in

egg-laying in these months, although it seems that it does not

stop altogether at other times of the year.

I have opened hundreds of cocoons of Pheretima and

feel justified in considering, as a rule, there is only one embryo

in a cocoon. Occasionally one comes across two embryos

in a cocoon of a very young age, and only once did I see three

embryos in one cocoon. In fig. 24, I have tried to represent

three typical stages of the embryo of Pheretima in their

natural size (the external segmentation of the body, although

complete throughout, cannot be made out with the naked

eye and is therefore not represented).

The rate of development is very much slower in Phere-
tima than in Lumbricus. Wilson (18) found that in

laboratory cultures the young worms (Lumbricus) made
their escape from the capsule in about two or three weeks.

Beddard (3) judges that the shortest time in Acanthodrilus
can hardly be less than five or six weeks. In Pheretima
the rate is even slower than that in Acanthodrilus, and

I cannot put the shortest period at less than eight weeks in

this case.

Beddard (3) found that the albuminous fluid filling the cocoon

in Acanthodrilus, as in Lumbricus rubellus, was

milky and opaque while the shell was transparent ; in Phere-
tima, however, the albuminous substance of the cocoon is

perfectly clear and transparent like its shell, so that under

a binocular microscope I could always see, by transmitted

light, the embryo inside the cocoon without opening it, and

it was thus very convenient to be able to know roughly the

size and age of the embryo before opening it.
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Vejdovsky and Beddard speak of two perfectly distinct

membranes forming the shell of the cocoon. I have not been

able to see these two membranes in the case of Pheretima
cocoons, the shell of which seems to me to be single-layered.

4. General Outline of the Development of

Nephridia in Pheretima.

The three sets of nephridia of Pheretima, namely, the

integumentary, the septal, and the pharyngeal arise in the

embryo at successive stages of its development. In order to

elucidate, therefore, the development of the whole nephridial

system consisting of these three distinct series of nephridia

and their ducts, it is necessary to examine a large number
of embryos of widely different ages. The work is rendered

laborious and difficult on account of three facts : firstly, that

each type of nephridium develops independently of the other

—

these several types are not derived one from the other
;

secondly, that the nephridia of the three series develop at

different ages and in different positions in the embryo ; and

thirdly, that each series consists of numerous nephridia that

go on developing for a long time even after the embryo has

left the cocoon. But before going into the details of each

stage of nephridial development, I shall provide here an out-

line sketch of the development of the elaborate excretory

system of this worm.

Leaving aside the transitory excretory cells the earliest

beginnings of permanent nephridia appear in this worm, as

in Lumbricus (18), Khynchelmis (16), and Crio-

drilus (15), as teloblasts lying on the surface of the embryo,

ventral to the mesoblastic bands and in front of the meso-

dermal pole-cells. While these teloblasts form part of the

surface epiblast in very young embryos (300 ij- long), they soon

sink below the surface and come to lie between the definitive

ectoderm and the mesoderm. Strings of cells are budded off

from and in front of these ectodermal teloblasts, and it is these

cell-rows (nephroblasts) that form the material foundation

(' Anlage ') from w^hich are derived all the future nephridia.

NO. 261 F
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These strings of nophridial colls aggregate later into groups

that lie opposite and a little posterior to the places where the

intersegmental septa join the body-wall. These groups of

cells, situated underneath the mesodermal peritoneal membrane
(' somatopleure '), proliferate to form masses of cells, which,

as they grow, begin to project into the coelomic cavity. These

constitute the nephridial rudiments. They carry with them

in their growth the sheet of peritoneal membrane, which now
forms an enveloping sheath over these unformed nephridia

(fig. 9). In longitudinal sections of an embryo, about 4 mm.
in length, these embryonic nephridia are seen for the most

part as solid clup-shaped masses, lying in the anterior part of

each coelomic chamber, a pah' in each segment of the body

except the first two. While the first two segments are devoid

of nephridia and the greater part of the embryo possesses sohd

nephridial masses, some of the anterior segments (seventh and

eighth, for example) have fully-formed nephridia with the charac-

teristic shape and the intra-cellular canals of the adult organ.

In preparations of whole embryos of suitable age, flattened

after opening them through the mid-dorsal line, we can see

the rudiments of these primary nephridia as elongated masses

lying posterior to the septa towards the hind end of the

embryo ; but, as we examine the segments in front, we get

the nephridia in all stages of development in the same embryo,

since development proceeds antero-posteriorly. We may note

here that these nephridia have no connexion with the septal

partitions, and consequently a ' septal funnel ' is never formed

at any stage of development of this primary pair of integu-

mentary nephridia.

At this stage of development (4 mm. long) the embryo

exhibits a typical meganephric or paired condition like that

of the adult Lumbricus, having a pair of ' true ' ectodermal

nephridia in each segment (Text-fig. 1 a). This marks the

first stage in the development of nephridia in Pheretima,
which comprises the developmental history from the first

appearance of teloblasts up to the formation of a pair of primary

integumentary nephridia in each segment.
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In the second stage that follows we have the appearance and

development of the primary pair of septal nephridia in each

Text-fig. 1.

SJITT-

Diagrammatic representation of the three stages of development
of the nephridial system in Pheretima. A represents a
diagrammatic section of an embryo about 4 mm. in length,

showing the paired condition of nephridia (meganephric stage).

B represents a stage at which the embryo has two pairs of

nephridia, in each segment, a primary integumentary pair of the

first stage and a primary septal pair. C shows the formation
of secondary septal and integumentary nephridia. In B and
C the intersegmental septum is shown on the left half, h.w.,

body-wall
; g., gut ; d.v., dorsal blood-vessel ; v.v., ventral

blood-vessel ; s.n.v., subneural vessel ; n.c, nerve-cord ; p.i.n.,

primary integumental nephridia
;

p.s.n., primary septal

nephridia ; s.i.n., secondary integumentary nephridia ; s.s.n.,

secondary septal nephridia.

segment of the body behind the first fourteen. As these

nephridia begin to appear before all the integumentary ones

of the first stage have attained to their full development and

F 2

I
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size, we have the later development of integumentary nephridia

going on side by side with the appearance and growth of septal

nephridia, so that we have an overlapping, so to speak, of the

first and second stages. The rudiments of septal nephridia

appear in two rows, one on each side of the dorsal vessel.

The latter in embryos is single anteriorly but double for the

greater part of the posterior portion, and the earliest rudiments

of the septal nephridia recognizable in whole preparations lie

on both sides of this double dorsal vessel (Text-fig. 4). But

while the integumentary nephridia vary in their topographical

position from segment to segment, lying close to and away

from the nerve-cord alternately, the septal ones lie in two

straight rows, nearer the mid-dorsal than the mid-ventral line.

As their name implies, the septal nephridia develop on the

intersegmental septa and, in sections, can be seen to lie just

internal to the commissural that connects the dorsal with the

subneural blood-vessel. As a septal nephridium develops, the

pre-septal portion elongates to form a long narrow tube ending

in the funnel, the body of the nephridium, lying in the coelomic

cavity behind the septum, develops the limbs and loops of

the adult organ, while the terminal duct elongates to run

along the septum, parallel and internal to the commissural

vessel, to meet its fellow into the supra-intestinal duct mid-

dorsally.

These pairs of nephridia of the second stage differ from the

primary integumentary nephridia in that the former develop

on the septal wall and have no connexion with the body-wall

from the very beginning, and that they develop a septal funnel.

Thus we see that septal nephridia are not derived from integu-

mentary ones, and have no connexion with them except that,

as will be shown later, both types can be traced to the same

source.

When the embryo has developed a pair of septal nephridia

in each segment we get to the end of the second stage. At

this stage the embryo possesses, in each of its typical segments,

two pairs of nephridia, an integumentary pair and a septal one,

the former opening to the exterior on the body-wall and lying
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alternately dorsally and ventrally, and the latter opening into

the supra-intestinal duct and lying dorsally throughout

(Text-fig. 1 b). The vertical ducts leading from the supra-

intestinals to the lumen of the gut at each intersegmentum

are also formed at the end of this stage.

In the third stage we have the development of secondary

nephridia, integumentary and septal. These begin to appear

at a rather late period of development of the embryo, when it

is almost fully formed and is about to come out of the cocoon.

The circlets of setae are completely formed in all the segments

of this age, and while rudiments only can be seen of septal and

integumentary nephridia towards the posterior end, we find

them in various stages of development anteriorly.

These secondary nephridia of both types appear indepen-

dently of the primary pairs of their segments. The integu-

mentary ones appear earlier than the septal, since towards the

posterior end we find segments with rudiments of secondary

integumentary nephridia but with no traces of secondary

septal ones. In both cases these nephridia in their initial

stages are lumps of cells having no connexion with the primary

nephridia.

The septal secondary nephridia appear immediately ventral

to the primary pair, and develop very much in the same way

as the primary pair, their terminal ducts running dorsalwards

on the septa and meeting the ducts of the primary nephridia.

Some of these nephridia develop a pre-septal funnel like the

primary nephridia, but others, as shown in fig. 15 a, develop

the funnel in the same segment in which they lie. In this way

we get two kinds of nephridia, one kind with pre-septal funnels

and the other with funnels in the same segments as the

nephridia. Subsequent pairs of nephridia develop similarly,

and we get the formation of the septal canals by the union of

the terminal ducts of secondary nephridia with those of the

primary ones.

The secondary integumentary nephridia first appear on the

body-wall as masses of cells lying beneath the somatic layer of

the coelomic epithelium. They do not arise strictly in pairs
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like the primary nephridia, but have a more or less scattered

arrangement. They may appear either on the dorsal or on

the ventral side of the primary nephridia (Text-fig. 1 c). They

arise in connexion with the setal sacs, and one can very often

see a string of cells running from the rudiment of a secondary

nephridium in the coelom to the epidermis alongside a setal sac.

Text-fig. 2.

c.c

Diagram showing the formation of nephrithal rows of teloblasts and
the intersegmental position of large 'funnel-cells'. ?«., mouth.
For lettering see Text-fig. 3.

The pharyngeal nephridia of the fourth, fifth, and the sixth

segments make their first appearance in a manner similar to the

primary integumentary nephridia, although the former lag behind

in development, the integumentary nephridia gro"s\-ing faster

than the pharyngeal. Amongst the pharyngeal nephridia

themselves the nephridia of the sixth segment develop faster

than those of the fifth, and these, in their turn, faster than

those of the fourth. The first pair in each of these segments

originates from the ectodermal nephridial row, and has a long

terminal duct which meets the wall of the pharynx ventro-
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laterally. Secondary pharyngeal nephridia are formed distal

to the primary ones as buds on the ducts of the primary pairs

of nephridia (fig. 19 and Text-fig. 3).

5. Development of the Primary Integumentary

Nephridia.

Although I observed short intracellular canals in certain

ectodermal cells of very young embryos (gastrulae) in the

living condition, and believed these cells to be of the nature

of larval excretory cells, I could not definitely locate them

in preserved and stained embryos, nor could I examine and

arrive at any definite result about these cells in sections.

I shall, therefore, confine myself to the development of per-

manent nephridia alone.

As already indicated, the first set of nephridia to make their

appearance in Pheretima are the ectodermal primary
nephridia, a pair in each segment. At a stage of develop-

ment when the embryo has fifty to fifty-five clearly-defined

segments and is about 4 mm. long, we can easily see some

of the anterior segments (seventh and eighth, for *iample)

possessing a pair of fully-formed nephridia opening on the

surface of the body-wall. Each of these segments, at this

stage, resembles in this respect a segment of the adult L um -

b r i c u s , and we may even call this stage of development of the

nephridial system of Pheretima the ' meganephric ' stage.

The early history of these nephridia is very similar to that

described in Lumbricus, Criodrilus, and other worms

by previous writers. In an advanced gastrula in which the

mesodermal bands are well formed and in which cavities are

beginning to appear, we can recognize the earliest beginnings

of nephridia. On examining such an embryo, when it is still

a rounded sphere and has not begun to elongate, as for example

the one shown in fig. 1, which is about 140 /x in diameter,

we see the mesoblastic bands diverging from the two large

mesodermal pole-cells lying at the future posterior end. These

bands lie along the two sides of the ventral surface of the

embryo, and, on careful focusing, we can also see the begin-
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nings of five or six coelomic cavities in each of the two bands.

On examining, however, the surface epiblast covering these

mesoblastic bands ventrally, we can distinguish four rather

large and rounded cells on each side, called the teloblasts.

These teloblasts lie a little way in front of the pole-cells : the

three ventral ones lie six or seven cells in front of the pole-

cells as seen in longitudinal sections (fig. 2), while the fourth,

the lateral teloblast, lies a little farther forward than the rest.

In these very young embryos (figs. 1-4) the teloblasts form part

of the surface epiblast, but can be easily distinguished from

the adjacent epiblastic cells both by their larger size and by the

fact that their nuclei are free from granules surrounding

the nucleolus and thus give an appearance of greater trans-

parency as compared with the nuclei of the other cells. Of

these four teloblasts on each side the one near the mid-ventral

line is the neuroblast, going to form the nerve-cord of the

adult, the two lying outside the neuroblast are the nephro-

blasts, which go to form the nephridia, wiiile the outermost

and dorsal is the lateral teloblast which hes just outside

and dorsal to the coelomic sac on each side at this stage of

development of the embryo (fig. 4). In a series of transverse

sections of an embryo, about 300 m in length, from which

figs. 3, 4, and 6 are taken, we can follow these four teloblasts

forwards as they bud off rows of cells in front. The rows of

cells in front of the teloblasts can be followed for a long way

in young embryos. Concerning the nephridial cells in con-

tinuation with the nephro blasts, we have to note that

while the nephroblasts are large cells and occupy the whole

thickness of the epiblast, the nephridial cells in front are small

and come to lie deep in the ectoderm. They can be seen

distinctly marked off by a sort of boundary line from the

definite epiblast, which is very thin at places where these

nephridial cells occur. These cells are thus embedded in the

ectoderm, as shown in figs. 3, 4, and 6, but they have not yet

formed a separate layer of their own.

The next step in the development of the nephridia, which

is slower than that of the nerve-cord, is that the nephridial
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teloblasts and the rows of cells in front of them sink beneath

the ectoderm and come to form a separate and distinct layer

of their own, between the ectoderm on the outside and the

mesodermal lining of the coelomic cavities on the inside.

In longitudinal sections of young embryos (fig. 5) this layer

towards the posterior end gives the appearance of a kind of

string of nephridial cells. The large nephridial teloblast

together with a row of smaller cells lying in front of it form

the definitive nephridial layer. The transition from the previous

stage can be well appreciated by comparing the position of the

nephroblasts and the nephridial cells in figs. 2, 3, and 4, where

they are superficial, with the deeper position occupied by them

in figs. 5 and 7. This nephric cord is single-layered in the

beginning and remains so for a long time at the posterior end,

but its cells soon begin to multiply and proliferate opposite

and behind the intersegmental septa which divide one coelomic

sac from another, so that we get groups of these nephridial

cells situated at intersegmental intervals. The cells of these

intersegmental nephridial groups multiply here beneath the

peritoneal lining of the coelom, and the cells tend to travel

backwards towards the middle of the segment. Some of these

nephridial cells push their way into the septa between the two

apposing walls of the adjoining coelomic chambers (figs. 7

and 13).

We thus get these intersegmental nephridial masses segregat-

ing into two separate groups, one keeping its ' retroperitoneal

'

position while shifting backwards and multiplying rapidly,

the other consisting of very few cells which make their way

into the septa and he between the two sheets of peritoneum

forming the two faces of the septa. In earher stages—or what

amounts to the same thing, in the posterior segments of the

embryos—we can see, in longitudinal sections, one nephridial

group in each segment lying at the posterior of the two angles

formed by the septum with the ventral body-wall (fig. 8).

In later stages, or in the more advanced anterior segments,

the segregation into two groups becomes quite evident. The

group consisting of a few cells caught in between the two septal
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sheets, leads, to anticipate matters, to the development of

septal nephridia, which we shall speak of in the next part of

the paper, while the other group consisting of a numher of cells

lying beneath the peritoneum and immediately posterior to

each intersegmental septum, is the rudiment of the primary

pair of integumentary nephridia. We shall now consider the

details of development of these integumentary nephridia.

This group of cells beneath the peritoneum is the ' retro-

peritoneal ' group of Meyer (13) and forms the forecast of the

whole primary nephridium of the first stage. The cells of this

group separate away from the septum, divide and proliferate

so as to bulge out as sohd masses into the coelomic cavities,

as shown in fig. 8, c. They carry with them their peritoneal

covering which forms a thin sheath round these solid nephridia.

The growth is not only vertical but also horizontal, and the

nephridial rudiment besides increasing in thickness and pro-

jecting into the coelom also extends laterally, so that in

a preparation showing the body-wall of an embryo flattened

we get a pair of deeply-staining elongated solid masses of cells

lying immediately behind each septum as shown in fig. 11, a,

and Text-fig. 4.

By what steps this elongated ridge lying behind each

coelomic septum develops into an adult nephridium I have

shown in fig. 11 (a-f). The earlier stages, in which the nephro-

blasts and their derivatives multiply, form masses of cells at

septal places which segregate further into two groups, a smaller

one, the cells of which push their w^ay into the intersegmental

septa, and a larger one, the cells of which move backwards

and form the so-called ' retroperitoneal ' group of cells, which

forms the elongated solid ridge bulging into the coelomic

cavity, can all be followed in a few series of longitudinal and

transverse sections ; but once the nephridial rudiment has

reached the size and shape of the elongated mass, shown in

fig. 11 A, we can follow its further development best in whole

embryos that have been opened in the mid-dorsal Hne, their

endoderm with food-yolk removed, and the remaining portion

mounted flat.



DEVELOPMENT OF NEPHRIDIA OF PHBRETIMA 69

The ridge-shaped mass of nephridial cells grows in the middle,

and we soon get a sort of papilla-like protuberance ; this papilla

elongates further into a long loop, having its two limbs close

together. At this stage, while the two ends of the loop forming

the proximal part are attached to the body-wall, the loop

itself forming the distal part lies free in the coelomic cavity

(fig. 11 c). This loop now elongates further, and, side by side

with the elongation of the loop, we find its two limbs getting

more and more closely pressed together so as to form one

compact lobe. A bend appears, at this stage, towards the base

of this lobe, and we now get two more or less distinct divisions

of the embryonic nephridium, the one distal to the bend

(fig. 11 d) and lying free, and the other proximal to the bend

and connected with the body-wall. The distal portion is now

a compact structure and goes to form the short straight lobe

of the adult nephridium. Although it has visibly lost its

double character, we must note that it is really double morpho-

logically, having been formed by a close apposition of the two

limbs of the loop.

The proximal portion of the developing nephridium, the part

connecting the bend with the body-wall, is now the seat of

further growth. In this portion the double nature of the nephri-

dial loop persists for a time (fig. 11 d), but, soon after, the two

limbs of the loop at its proximal end, which are really the

two opposite ends of the original ridge, come closer together

and elongate further. This further elongation of the part

proximal to the bend results in the formation of a twist, a little

way from the bend, resulting in a condition of the nephridium

represented in fig. He. Elongation and twisting go on further

until we get the long twisted loop fully formed, with the

number of twists characteristic of the adult nephridium. The

straight lobe and the twisted loop having been fully formed,

the proximal end connecting the nephridium with the body-wall

becomes narrow and slender and forms the terminal duct of

the nephridium. This duct has meanwhile grown through the

thickness of the body-wall, and opens to the exterior in front

of the row of setae occurring in the middle line of each segment.
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In this fully-formed integumentary nephridium we have

to note the absence of either a coelomic funnel or a solenocyte

or ' flame-cell '. During the course of development, when the

two ends of the elongated nephridial ridge come close together,

one end develops into the terminal duct opening to the exterior,

while the other remains blind and does not develop any struc-

ture at all. These nephridia develop an intra-cellular canal

and cilia like the septal ones ; and, no doubt, the excretion in

their case takes place by means of the diffusion of the coelomic

fluid through their permeable walls.

6. Development of the Primary Septal Nephridia.

When the embryo has acquired a pair of integumentary

nephridia in each segment—fully developed in the anterior

and in various stages of development in the posterior segments

—the second set of nephridia, i.e. the septal, make their appear-

ance. These form the second pair of nephridia in the body

segments of Pheretima (Text-fig. 1 b). The first fifteen

segments of the embryo do not develop this second set of

nephridia, which appear only in segments behind the first

fifteen. Unlike the primary integumentary nephridia the septal

primary nephridia appear on both sides of the dorsal vessel

instead of the nerve-cord. They form two rows, one on each

side of the dorsal vessel, at a distance of about 160 ju from it

in an embryo 9 mm. in length. The alternate or scattered

arrangement characteristic of the integumentary nephridia

of the first stage does not obtain in these septal ones, which

occur in two straight rows.

These nephridia of the second set have no connexion vnth the

body-wall, but appear from a very early stage, as their name

implies, as outgrowths on the intersegmental septa. They

can then be first recognized in whole mounts as masses of cells

on the septum, projecting on its posterior surface. These

nephridial masses on the septa can be recognized vdth. cer-

tainty at the earliest in embryos, about 8 to 9 mm. in length,

which have been opened in the mid-ventral line, their yolk

removed and the rest including the endoderm mounted flat.
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Text-fig. 3.

A series of three diagrams showing the common origin and develop-

ment of the three types of nephridia in P h e r e t i m a embryos.
In A (left half) the integumentary nephridia are seen pushing
themselves into the coelomic chambers while the ' funnel-cells

'

are travelling dorsalwards between the adjoining coelomic

chambers. The origin of the pharyngeal nephridia and ducts is

also shown. The right half shows the nephridia at a more advanced
stage of development. Septal nephridia are developing between
the adjoining peritoneal sheets, while the ducts of the pharyngeal
nephridia are formed even before the nephridia themselves are fully

formed. In B (on the left) is shown the development of secondary
nephridia, while the right half shows more or less the adult

condition of nephridia in the worm, n.t., nephridial teloblasts ;

nph.c, cells of the nephridial row ; c.c, coelomic cavities

;

int.nph., integumentary nephridia ; s.w., septal nephridia

;

s.n.r., rudiment of a septal nephridia
; fh.wph., pharyngeal

nephridium
;

ph.d., duct of pharyngeal nephridia ; (j., gut
;

s.i.d., supra-intestinal excretory duct
; f.c, funnel-cells.
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In such preparations of embryos (Text-fig. 5, part of an

embryo about 9 mm. long) we can follow these nephridial

rudiments antero-posteriorly. The dorsal vessel in embryos

of this age is double in the posterior portion, and consists of

two lateral vessels lying on the sides of the gut. Anteriorly,

Text-fig. 4.

Portion of an embryo mounted flat after removal of the gut,

showing the relative position of the developing integumentary
nephridia in successive segments. b.w„ body-wall ; i.s., interseg-

mental septa ; n.c, nerve-cord.

however, the two dorsal vessels converge and fuse to form

one single vessel, and we find it as such in the mid-dorsal hne

in the anterior part of the embryo. Following the nephridial

masses from the septum 15/16, we can trace them backwards

a good way beyond the point where the two converging vessels

meet to form the single dorsal vessel (Text-fig. 5). The further

development of these septal nephridia can be followed in

whole mounts of embryos, 9 to 18 mm. in length, flattened
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after being opened from the ventral and not the dorsal

side.

As the nephridial mass grows in size we can soon distinguish

the two ends of the growing nephridium, as shown in Text-

fig. 6. One end grows inwards along the septum towards the

dorsal vessel, beneath which it meets its fellow of the other

Portion of the whole mount of an embryo 8 mm. in length, showing

the rudiments of the septal nephridia on each side of the dorsal

blood-vessel, d.v., dorsal blood-vessel, double behind ; i.n.,

integumentary nephridia ; s.7i., septal nephridia ; i.s., inter-

segmental septa.

side to form the supra-intestinal excretory duct ; we can call

this end the centripetal end. The other end of the nephridial

rudiment at this stage is away from the dorsal vessel, and

prohferates to form a mass of cells which project in front of

the septum to form the beginnings of the ' funnel ' of the

nephridium. This pre-septal portion of the nephridium soon

attains to a considerable size, and is a prominent feature of the
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septal nephridia at all stages of their dovelopmont (fig. 12).

While these two ends of the nephridium—the * centripetal

'

end and the ' funnel ' end—are growing and differentiating, the

portion of the nephridial mass between the two ends also

grows and forms a papilla-like projection behind the septum

(fig. 12b). This papilla elongates to form a loop, the two limbs

of which come close together ; a bend appears, and the portion

distal to the bend forms the rudiment of the short straight lobe

of the adult nephridium. This stage of the development of

the septal nephridium is represented in fig. 12 c. The two ends

of the nephridium are attached to the septum while the body

of the nephridium, consisting of a newly-formed straight

lobe (s.L), distal to the bend, and a growing region proximal

to the bend, between the latter and the attached ends of the

nephridium, lies free in the coelomic cavity. As this growing

region elongates (fig. 12 d) the two limbs come close together,

and, as a result of elongation, twists appear, which grow to

form the spirally twisted loop of the adult nephridium (fig. 12

and Text-fig. 7). We thus get the main body of the nephridium,

consisting of the short straight lobe and the long spirally

twisted loop, fully formed. Histological differentiation,

along with the formation of intracellular canals with cilia

lining them at intervals, completes the development of a

nephridium.

As will be seen by comparing the foregoing account of the

development of a septal nephridium with that of an integu-

mentary nephridium described in the last section, the successive

steps of growth in the two cases are very similar if not identical.

The chief difference lies, of course, in the fate of the two ends

of the nephridium. In the case of a septal nephridium one end

grows out to be pre-septal and is differentiated to form the

' funnel ', the other end forms the terminal duct which runs

along the septum, parallel to the commissural vessel, and joins

its fellow to form the supra-intestinal duct ; on the other hand,

in the integumentary nephridium the ' funnel ' end is bUnd,

and the terminal duct opens on the surface of the skin.

We have now followed the development of a septal nephri-
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dium from a stage when it consists of a mass of cells on the

septum (fig. 12 a) to a stage when it has attained to its adult

structure (Text-fig. 7). But in order to assign these septal

nephridia to one of the three primary germ-layers we must

trace the ultimate origin of this septal mass—the unformed

septal nephridium. We must note that an intersegmental

Text-fig. 6.

^ mm ^ %Q ee # H^

SJl

in.

Portion of the whole mount of an embryo showing septal nephridia

at a more advanced stage of development than those in fig. 13.

S.S., setal sacs ; other letters as above.

septum is morphologically double and results from a coalescence

of the two layers of peritoneum covering the two faces of the

septum, and that although this double character of a septum

is not discernible in sections of an adult worm the two layers of

peritoneum can easily be distinguished in longitudinal sections

of embryos. The question naturally arises as to whether this

nephridial mass arises by a proliferation of one or more cells

belonging to the two layers of peritoneum forming the septum,

^O. 261 G
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like the testes and ovaries, or whether the mass arises by

multiphcation and growth of one or more cells lying between

the two adjoining sheets of a septum. Is the septal nephridium

intra-peritoneal or inter-peritoneal ; or, in other words, is it

mesodermal or ectodermal ? This is the fundamental morpho-

logical question to be answered.

We have already noticed that during the course of develop-

ment of the primary integumentary nophridia the mass of

nephridial cells lying opposite and behind the intersegmental

septa, underneath the coelomic epithelium, segregates early

on into two groups—one forming the * retroperitoneal ' group

of cells and developing into an integumentary nephridium,

and the other consisting of a few cells that push their way into

the septum between its two layers of peritoneum. This second

group, which is directly traceable to the original nephric row

and has thus the same source as the integumentary nephridia,

is in fact the primordial rudiment of the septal nephridia.

In a series of longitudinal sections of an embryo about 6 mm.

long, we can trace how a cell from this primordial group

travels through the septum to take up its final position in the

row of septal nephridia on each side of the dorsal vessel. If

we examine, in this series, a septal nephridium on one of the

anterior septa—say the twentieth—we find that it lies at a little

distance from the dorsal vessel immediately internal to the

commissural vessel (fig. 14 c). This incipient nephridium

and the commissural vessel are both situated between the two

sheets of the septum, one below the other (fig. 14). As we

trace this nephridial rudiment backwards we find that it

retains the same relative position with regard both to the

dorsal and the commissural vessels. We can thus trace the

nephridial rudiment, consisting of a few cells as it lies dorsally

on each side of the dorsal vessel on one of the anterior septa,

back through successive segments to the posterior end of the

worm, where the nephridial rudiment lies ventrally on each

side of the nerve-cord, and is just beginning to push its way

into the edge of a septum. On examining the sections showm

in figs. 13 and 14 two fundamentally important facts come out.



DEVELOPMENT OF NEPHRIDIA OF PHERETIMA 77

The first is the inter-peritoneal situation of the rudiment of

a septal nephridium, i. e. in other words, the septal nephridia

are not derived from one of the cells belonging to the peritoneal

lining of the septa but take their origin from cells lying between

the two sheets of peritoneum forming a septum. The second

is that these rudiments can be traced directly to the original

nephric row. Since the original nephric row is ectodermal in

origin we have established the ectodermal origin, in the last

analysis, of the septal nephridia.

In all descriptions of previous work on the development of

nephridia in earthworms, mention is made of a ' funnel-cell

'

(' Trichterzelle '), a term which is used in at least two senses.

It is either used for a single large cell which is separated off

very early from the nephric row and forms the forecast of the

whole nephridium, or it is used for the most internal cell of

a series or group of cells which go to form the whole nephridium,

and, in this case, the ' funnel-cell ' gives rise only to the funnel

of the nephridium. The term is used in the former sense by

Bergh in the case of Criodrilus and Lumbricus (6 and 7),

and in the latter sense by Staff in the case of Criodrilus (15)

.

During the development of nephridia in Pheretima
also we can distinguish a large cell which is probably the equiva-

lent of the ' funnel-cell '. So far as the development of the

integumentary nephridia are concerned, the ' retroperitoneal

'

group of cells, which give rise to them, contains no ' funnel-

cell ' in it, nor, as we have seen, do we get a funnel formed in

the adult integumentary nephridia. But with regard to the

septal nephridia we can distinguish a cell larger than others

at almost all stages of their development. In fig. 6, which

represents part of a transverse section of the posterior end of

a young embryo, we can distinguish one large cell in connexion

with the septum on each side. Further, during the passage of

this cell to its dorso-lateral position, one cell can always be

distinguished by its very large size as compared with the

surrounding peritoneal cells. Finally, when the rudiment of

the septal nephridium consist of a group of three or four

cells lying on the septum on each side of the dorsal vessel,

G 2



78 KARM NARAYAN BAHL

one of the cells of this group is larger than the rest (fig. 14b),

and we can infer that this large cell is the so-called ' funnel-

cell '. It would seem, therefore, that this large cell, as it

pushes itself into the septum, is the forecast of the whole

nephridium, and is a ' funnel-cell ' in the sense in which

Bergh uses it. And later this large cell divides and gives off

cells smaller in size than itself ; and wliile these smaller cells

go to form the body of the nephridium the large cell develops

into the funnel and becomes a ' funnel-cell ' in the sense in

which Staff uses it.

7. Development of the Secondary Nephridia, Septal

AND Integumentary.

At the end of the second stage of nephridial development,

as we have seen, a typical segment of the embryo contains two

pairs of nephridia—an integumentary and a septal. Soon

after, rudiments of other nephridia, both septal and integu-

mentary, begin to appear. These rudiments of secondary

nephridia (all nephridia appearing after the first pair, septal

and integumentary, have been grouped together under the

term ' secondary ') can be seen both in sections and in whole

preparations of embryos of suitable age as deeply-staining

masses of cells on the septa and the body-wall. In order to

study the development of these secondary nephridia, two

sets of embryos should be selected—the first set, consisting of

those embryos which are fully formed and are about to hatch

out of their cocoons : these show the secondary nephridia at

a fair degree of development ; the second set, consisting of

those embryos which are not fully formed and would take some

time before they are ready to hatch out : these show secondary

nephridia in their very early rudimentary condition. It may be

difficult, in the beginning, to distinguish embryos belonging

to these two sets, but when one gets familiar vnth. them after

opening a number of cocoons, one can always distinguish

them with a fair degree of accuracy. A surer method of distin-

guishing the embryos of two sets externally is to examine the

setal line. In fully-formed embryos the circlets of setae are
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complete, and, on examination of the embryo under low

power, we can see the setae ; but in younger embryos, although

setal sacs and muscles can be made out in sections, the setae

are not yet formed and so cannot be distinguished externally.

(a) Secondary Septal Nephridia.

The secondary septal nephridia arise very much in the same
way as the primary septal pair. They appear ventral to the

primary septals and, like the latter, appear in pairs. It is

very difficult to say whether this paired origin is maintained

throughout the development of all the septal nephridia, but

it is certain that the first two secondary nephridia arise in

pairs. We may also note that these nephridia appear later

than the secondary integumentary nephridia, since in the

posterior segments of embryos with well-developed secondary

nephridia in their anterior portion, through we can make out

the rudiments of secondary integumentary nephridia,

the septal ones have not yet been formed.

The group of cells forming a very early rudiment lies, as in

the case of the primary pair, between the two peritoneal

sheets of a septum and is consequently 'inter-peritoneal'.
One of the cells of this group is larger than the rest and corre-

sponds, in all probability, to the ' funnel-cell '. As regards the

original relations of this secondary pair we have to note, in

the first place, that their rudiments lie ventral to and at

some little distance from the primary nephridia, and, secondly,

that until the nephridium is almost fully formed and has

developed its long terminal duct there is no connexion between

this and the primary nephridium, nor are there any stray cells

lying on the septum between these two nephridia. The obvious

inference is that the secondary nephridia do not arise by a

process of budding or the like from the primary nephridia,

but do so de novo at their place of origin. Whence do the

rudiments of these nephridia come ?

In describing the ultimate origin of the primary septal

nephridia we traced their beginnings to a group of cells which

pushed their way into each septum, and which, in their turn.
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could be traced further to the original nephric row derived

from the ectoderm. This group of cells pushing its way into

the septum forms the primitive material foundation of all the

septal nephridia. The primary pair is formed from one of the

cells of this group, travelling dorsally on each side. More cells

move into the septa and give rise to the other nephridia

(secondary septals). That this does actually happen is shown

firstly by the fact that there are always a number of cells lying

into the septum at its junction with the body-wall, even after

the rudiments of the primary pair of nephridia are well formed

dorsally ; and, secondly, by the fact that we very often come

across cells lying interperitoneally within the septa at a little

distance dorsal and inwards to the group of cells referred to

above (the group pushing its way into the septum), these cells

having apparently been detached from the fundamental group

and being on their way to their final place of settlement and

growth.

We thus conclude that although the secondary septal

nephridia do not originate as buds from the primary ones and

are completely independent of them as regards their origin,

they can be traced to the same source as the primary nephridia,

i. e. the intersegmental group of nephridial cells, which form

a store-house, giving origin to the rudiments of all the septal

nephridia, primary as well as secondary.

Coming now to the later development of the secondary

nephridia, the chief point of interest is the topographical

position of the funnel. The usual position of the funnel is

always pre-septal, and we have seen that it is so with regard

to the funnels of the primary pair of septal nephridia. But

in the adult Pheretima (1) I have described the funnel

as lying in the same segment as the rest of the nephridium,

and there was thus an incongruity between the two facts of

structure. This led me to a close examination of the fmmels

of the developing nephridia in the embryos, and also to a

re-examination of the position of the fumiel in the adult worm.

While, on the one hand, it came out that all the primary

nephridia have a pre-septal fumiel, in the secondary nephridia,
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on the other hand, both conditions prevail—the funnel is pre-

septal in some cases and post-septal in others. Both conditions

are represented in fig. 15 a and b. In the adult Pheretima
it was found that while a large majority of nephridia have

their funnels in the same segment there are some with pre-

septal funnels. The statement that all the septal nephridia

have funnels in their own segments is therefore not quite

universally true, as I thought before. We may note, however,

that in the case of those nephridia which have the funnel in

the same segment, all that happens is that the ' funnel-cell

'

and the cells going to form the body of the nephridium project

in the same direction, either pre-septal or post-septal.

When the first secondary nephridium is fully formed, its

terminal duct running along the septum meets that of the

primary nephridium dorsal to it, and, similarly, the ducts of

all the succeeding nephridia join those of the preceding ones,

and that is how we get the formation of the septal excretory

canal running parallel and internal to the commissural vessel

(dorso-sous-nervien, 2). We may note that, like the septal

nephridia themselves, the septal excretory canal is also inter-

peritoneal.

(6) Secondary Integumentary Nephridia.

The secondary integumentary nephridia, in their early

rudimentary condition, can be seen in older embryos about

to hatch out of the cocoon. In whole mounts, as shown in

Text-fig. 7, they can be distinguished as small solid deeply-

staining masses on the side of and between the setal sacs. The

setal sacs at this stage have not yet developed full-grown

setae in them, and rudiments of secondary nephridia in sections

(fig. 17) can be made out lying beneath the coelomic epithelium

between the inner ends of two adjoining setal sacs. They arise

at almost any place on the body-wall, like the primary

nephridia ; in some segments they are found near the dorsal

vessel, in others on each side of the nerve-cord (fig. 17).

Whether the secondary nephridia develop from some of the

nephridial cells, lying beneath the somatic peritoneum, that
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have been left over from the original nephridial masses, or

whether they arise from epidermal cells that become nephridial

at the time and migrate inwards, I cannot be sure. On

Text-fig. 7.

ft A ti % !§ '^ ^

sec.i.n.

Portion of a whole mount of an embryo about to hatch out of the
cocoon, showing the fully-formed primarj' septal nephridia

and the primary and secondary integumentarj' nephridia. s.n.,

septal nephridia
; p.i.n., primary integumentary' nephiidia ;

sec.i.n., secondary integumentary nephridia ; n.c, nerve-cord.

examining Text-fig. 4 it would seem as if the nephridial sub-

stance (cells potentially nephridial) is spread over the whole

of the body-wall, and any part of it might become active and

form a nephridium, and hence the appearance of nephridia

at all sorts of places on the body-wall. If that be the case,

and if, as shown in fig. 8, nephridial cells extend on each side

of the definite nephridial rudiments, we probably get these
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secondary nephridia formed from the stray nephridial cells

lying beneath the peritoneal membrane of the body-wall.

But, as in fig. 17, we have to account for a string of cells;

which is not always seen, running from the nephridial rudiment

to the ectoderm. It may be that it is a secondary formation

leading from the nephridial rudiment to form the terminal

duct.

8. Development of the Pharyngeal Nephridia and
THEIR Ducts.

The development of the pharyngeal nephridia of the fourth,

fifth, and sixth segments can be followed in all its stages

in the same embryos which show the development of the integu-

mentary and septal nephridia. The pharyngeal nephridia

appear at the same time as the primary integumentary

nephridia, but are rather slower in growth than the latter.

At a stage of development when the embryo is 5 to 6 mm.
long and the integumentary nephridia of some of the segments

behind the first six (e. g. seventh, eighth, and ninth) are almost

fully formed and have developed their intra-cellular canals,

the pharyngeal nephridia are seen as deeply-staining compact

masses of cells lying on the body-wall, a pair in each segment,

one on each side of the nerve-cord. They develop from the

same source as the primary integumentary nephridia, i. e. from

the nephridial cells belonging to the original ectodermal

nephric row ; but their manner of development is different

from the other two types. While in the case of the integu-

mentary nephridia the terminal duct is very short and appears

rather late in development, forming a lumen at the same

time with the rest of the nephridium, the ducts of the pharyn-

geal nephridia develop very early. In an embryo 5 mm. in

length the nephridia of the fourth, fifth, and sixth segments

are small club-shaped solid masses produced into long solid

strings of cells leading anteriorly to the lateral walls of the

pharynx (fig. 18). The terminal ducts are thus formed earlier

than the bodies of the nephridia themselves. This is still

more marked at a later stage in an older embryo in which the
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ducts of the pharyngeal nephridia are seen to have acquired

a lumen, while the nephridia th(anselves have not yet developed

their adult form and are still solid. These ducts are intra-

cellular, but are surrounded by the muscular tissue of the

strands passing from the pharynx to the body-wall for part

of their length.

The usual order of antero-postericjr development is reversed

in the case of pharyngeal nephridia. In the two stages of

development mentioned above, the nephridia of the sixth

segment are advanced further in development than those of

the fifth, and the latter than those of the fourth segment.

There is only one pair of nephridia anterior to the pharyngeal

ones, i. e. the one belonging to the third segment, the first two

segments of the embryo being anephrous. This most anterior

pair, although integumentary in character, follows the pharyn-

geals in their time and rate of development.

The ducts in these early stages are very thin with intra-

cellular lumen, and are therefore to be looked upon as the

elongated terminal ducts of the primary pairs of pharyngeal

nephridia rather than as outgrowths from the walls of the

pharynx. Three successive thickenings on the lateral pharyn-

geal wall mark the places of entrance of the ducts into the

pharyngeal lumen. It is a remarkable fact that not only do

the terminal ducts acquire a lumen before the formation of the

canals in the nephridia themselves, but that they also open

into the cavity of the pharynx long before the nephridia are

able to function at all.

The pharyngeal nephridia, like the integumentary ones, do

not develop a ' funnel ', but we have to note that at an early

stage when the terminal ducts have been formed and the

nephridia are developing their adult structure, the pharyngeal

pair come into connexion with the intersegmental septa

not in front of but behind them. The dorsal blood-vessel

and the lateral oesophageal act as the afferent and the efferent

vessels to these nephridia, and the branches of these vessels

near their points of origin and entrance into the main vessels

lie on the septal supports.
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Secondary pharyngeal nephridia arise in a way different

from that of the secondary septal and integumentary ones.

They do not appear independently of the primary pair but

develop as buds on the nephridial ends of the pharyngeal

ducts. In fig. 19 are seen three buds in the fifth and two in

the sixth segment ; while in the fourth the primary nephridium

itself is not fully formed yet. As these buds develop into fully-

formed nephridia, their terminal ducts, longer than those of

the other types of nephridia, remain continuous with the

primary pharyngeal duct, or rather open into it. Thus we get

a large number of pharyngeal nephridia forming big tufts

and having their terminal ducts opening into these primary

ducts. The primary ducts themselves, although originally

very narrow and intra-cellular, enlarge and acquire a muscular

investment which makes their walls thick and tough as they

are in the adult condition.

9. Comparison with the Development of ' Meganephric '

AND the so-called ' Plectonephric ' Types of

Nephridia.

I have referred in brief to the known facts of development

of these two types of nephridia in the historical part of this

paper. So far as the ' meganephric ' type of nephridia are

concerned, we can compare them only with the primary integu-

mentary nephridia of Pheretima, a pair in each segment.

The obvious differences between the meganephridia of Lum-
bricus and the primary pair of integumentary nephridia

in an embryo of Pheretima are the larger size of the former

and the presence of a ' funnel ' in them. In his recent memoir

on the development of nephridia in Criodrilus, as already

mentioned on p. 53 (15), Staff derives the nephridium

from the ' funnel-cell ' and the retroperitoneal group of cells

behind each septum, both being ultimately derived from the

nephridial string of cells between the ectoderm and the meso-

derm. In Pheretima, as we have seen, the primary

integumentary nephridia develop from the ' retroperitoneal

'

cells alone and there is no ' funnel-cell ' taking part in their
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formation, and that is why they do not develop any funnel

at all. The septal nciphridia, on the other hand, develop from

the intersegmental nephridial mass of cells which possesses

a ' furmel-cell ', and so we get septal nephridia with funnels

developing from this source.

This meganephric, or rather the paired condition in the

embryo, is superseded by, and is assimilated into, the adult

condition which is ' enteronephric ', so far as the septal and

pharyngeal nephridia are concerned ; but is ' micronephric
'

and diffuse so far as the integumentary nephridia are concerned.

It cannot be called ' plectonephric '. If the place of opening

of the nephridia be taken into consideration we can divide the

nephridia into two groups : those that open to the outside on

the surface of the body-wall and may be termed ' dermo-

nephric ' or ' exonephric ', and those that open into any part

of the gut and may be called ' enteronephric '. The former

category will include the ordinary ' meganephridia 'of Lum-
bricus, as well as the integumentary micronephridia of

Pheretima and the plecto-nephridia of other worms. The

latter term, i. e. enteronephric, will comprise the septal and

pharyngeal nephridia of Pheretima, the ' pharyngeal

tufts ', the ' peptonephridia ' or ' sahvary glands ' of such forms

as Megascolides, Periscolex, and Enchytraeids,
and the anal nephridia of Octochaetus and A 1 1 o -

lobophora antipae (14).

Comparing the nephridial development of Pheretima
with that of the plectonephridia of Megascolides (17)

and Mahbenus (8), we have to note that, while in the latter

the whole system results from the breaking up and branching

of the first pair of nephridia, in Pheretima there is no such

branching and breaking up, and all the nephridia, septal and

integumentary, appear independently of one another. More-

over, the first pair of nephridia in Megascolides and

Mahbenus have ' funnels ' which persist in Megascolides
but degenerate in Mahbenus, while Pheretima has no
' funnels ' even on its initial pair of integumentary nephridia.

In my previous paper (1), from a study of the structure of
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adult nephridia, I came to the conclusion that each nephridium

is a separate and discrete structure, that there is no network

of any kind connecting one nephridium with the other, and

that it is a mistake to describe the nephridial system of P h e r e -

tima as a ' coelomic network ' or as ' plectonephric ', implying

the idea of a reticular connexion between the nephridia. This

conclusion is now confirmed by the evidence we have from the

embryology of the excretory system of this worm. We now
know that each nephridium, integumentary or septal, originates

independently of the others, and, therefore, even the embryonic

connexion found in Megascolides and Mahbenus is

wanting in this worm.

10, PhyloCtEny of the Oligochaete Nephridial

System.

Before any developmental facts were known with regard to

the excretory organs of Oligochaetes, it was commonly held
' that the paired nephridia (meganephridia) of most Oligochaeta

were formed by reduction from a network such as now exists

in Perichaeta and many other genera '

(4). But after the

embryology of the excretory system in Octochaetus and

Megascolides had been elucidated, and it was found that

a meganephridial condition preceded the diffuse condition,

this view had to be given up. In speaking of the phylogeny of

the system, Beddard (4) says that ' it does not follow that the

diffuse nephridia are the outcome of a branching and specializa-

tion of the paired nephridia ; what the developmental facts

prove is that both paired and diffuse nephridia are formed

out of similar pronephridia ; that in fact both kinds of excretory

organs are equally ancient '. This view was definitely formu-

lated by Vejdovsky (16), who says, ' Es hat daher meiner

Ansicht nach sowohl das " Plecto- als Meganephridium

"

gleiche genetische Bedeutung. Beiden muss ein einfacher,

paarig in jedem Segmente sich anlegender Strang—das Pro-

nephridium—vorausgehen, aus welchem erst secundar seitliche

Wucherungen entstehen, die sich als zahlreichere oder spar-

lichere Nephridiallappen erweisen. In grosser Menge bilden
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sich offenbar die Lappchen bei den mit " Plectonephridien
"

versehenen Oligochaeten und in den vorderen Segmenten

von Megascolides. In den hinteren Begmenten des genann-

ten Eiesenregenwurmes reduciren sich die Lappchen an einige

grossere, welche der Lage nach den Schhngen am Nophridium

von Lumbricus entsprechen.' Vejdovsky's conclusions

are based on his researches on Rhy nchelmis, in which

a definite pronephridial stage precedes the permanent nephridia,

and on the development of nephridia in Megascolides,
in which a paired pronephridial condition precedes the per-

manent plectonephric system.

The facts of nephridial development recorded in this paper

do not lend themselves to Vejdovsky's interpretation of the

evolution of the excretory system. In the first place, we cannot

distinguish in the development of Pheretima a pronephridial

stage as distinguished from a stage of permanent nephridia.

What we do get is a paired condition in the embryo which goes

to form part of the adult system and is not entirely superseded

by it. Secondly, the paired nephridia themselves are not

transformed, as they are in Megascolides, into the diffuse

system of the adult, but numerous nephridia arise indepen-

dently to be added to the primary integumentary nephridia.

In the third place, the adult Pheretima does not show the

condition referred to by Vejdovsky in some other worms
(' Eiesenregenwurmes '), where the anterior segments have

numerous nephridia but the posterior ones show the paired

meganephric condition

.

Since the diffuse and paired forms of the excretory system

occur in genera which are so nearly related, Beddard (3) thinks

there can be no profound gap between the two kinds of organs.

But when one takes into account the fact that in the family

Perichaetidae, Pleionogaster possesses nephridia of

the diffuse type all opening to the exterior, Megascolex
has a pair of large nephridia in each segment in addition to

the small scattered nephridia, wiiile P e r i o n y x and D i p o r o-

chaeta have only large paired nephridia, it becomes very

difficult to think of and offer an explanation for the intermediate
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evolutionary stages between the condition in Perionyx
(exonephric) and that in Pheretima (enteronephric).

Although we can derive the diffuse condition of Pleinogaster
from Perionyx, through such forms as M e g a s c o 1 e x show-

ing an intermediate condition, we cannot ignore the fact that

the gap between the ' exonephric '

(p. 86) and ' enteronephric
'

conditions is very deep indeed.

A few facts in the embryology of the nephridial system,

however, seem to throw some light on the possible evolution

of the enteronephric system. I have already shown (p. 67)

that the primary integumentary nephridia have a common
source of origin in the nephridial masses lying opposite the

intersegmental septa. We have also seen that, while the

integumentary nephridium has no ' funnel-cell ', it is repre-

sented in the rudiment of each septal nephridium, and con-

sequently the former lacks and the latter possesses a ' funnel
'

in the adult condition. It is possible to suppose that the

first great step in the process of evolution of the enteronephric

system was the severance of the connexion between the ' funnel

'

and the ' body ' of the nephridium. That this severance has

probably taken place in Pheretima is supported by very

strong evidence from the embryology of the nephridia of

Octochaetus (3), Megascolides (17), and Mahbenus
(8). In all these forms there is a paired meganephric condition

in the embryo, and each nephridium is provided with a well-

developed funnel. In the transformation of this embryonic

into the adult condition the part to degenerate first is always

the duct following the funnel. In Octochaetus (3), Beddard

found that the change took place by the disappearance of the

lumen in the portion nearest the funnel. Vejdovsky (16)

has found in Megascolides that the paired embryonic

nephridia have a funnel from which leads a straight duct

without lumen, and that this duct joins the nephridial loDps.

During development the connecting part of the original tube

(i. e. the straight solid duct) first degenerates into a mere strand

of connective tissue and finally breaks up entirely. But the

funnel remains and forms part of the large nephridium in the
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adult. Bourne (8) found a similar condition in Mahbenus,
the funnel, however, in this case degenerating entirely.

It is easy to derive the condition in Pheretima from

what takes place inMegascolides. In the latter the funnel,

with part of the tube following it, develops into the large paired

nephridium with funnel, a pair to each segment, while the

body of the nephridium gives rise to a network of minute

excretory tubules. In Pheretima the separation of the

funnel from the body of the nephridium is carried a little

farther and takes place early in ontogeny. The result is

essentially the same as in Megascolides,i. e. the formation

of two kinds of nephridia : in this case the larger septal

nephridia with funnels and the smaller integumentary ones

without funnels. The evolution has taken place along the

same lines in Octoch actus and Mahbenus also, but in

these two genera the degeneration and disappearance of the

portion following the funnel has likewise affected the funnel

which also degenerates, and that is why we get only one type

of nephridium without funnel in these two cases, although

Beddard found some nephridia with funnels towards the

posterior end of Octochaetus, along with those without

funnels.

In Pheretima the ' funnel-cell ' along with some other

nephridial cells separate off early from the main nephridial

mass, and while the integumentary nephridia develop at once

from the main nephridial mass the development of the septal

ones from the ' funnel-cell ' comes a little later. We tacitly

assume, of course, that the ' funnel-cell ' itself by division is

capable of giving rise to the whole nephridium, and this is

what actually takes place (cf. figs. 13 and 14). Why the funnel

gets separated off from the main body of the nephridium dm-ing

development in Octochaetus and Mahbenus, and why
the separation begins so early in Pheretima—whether it

took place in phylogeny before or after the septal nephridia

had acquired their openings into the gut—are questions

difficult to answer.

How does this ' funnel-cell ' travel dorsalwards and take up
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a dorso-lateral instead of its usual ventral position ? That

it travels dorsalwards can be seen easily from figs. 13 and 14,

and that this is very unusual can be realized from the fact that

comm

snv. sn.r

A series of four diagrams showing how the commissural vessel
elongates with the migration dorsalwards of the dorsal vessel
and how the nephridial rudiment on the septum is carried to its

dorso-lateral position. d.i\, dorsal vessel (double in A, B, and C) ;

V.V., ventral vessel ; n.c, nerve-cord ; snA\, subneural vessel

;

i.s,, intersegmental septum ; i.n., integumentary nephridium
;

s.n.r., rudiment of a septal nephridium ; h.uK, body-wall.

ordinarily the funnel in a nephridium is the most ventral part

of it and lies almost next to the ventral nerve-cord. But
although away from the nerve-cord, the position of the primary

septal nephridia is not very unusual if we bear in mind the

NO, 261 H
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scattorpcl arrangement of the integumentary nephridia (Text-

fig. 8). By comparing the position of the septal and integu-

mentary nephridia in Text-figs, 5 and 6 the discrepancy does

not seem to come to very much. But that there is a shifting

dorsalwards, however httle (and in many septa a great deal),

admits of no donht. This can he explained, however, easily,

if we take into account the facts of development and growth of

the septa and the structures connected with them, e.g. the

commissural vessel and the dorsal vessel. In the series of

diagrams in Text-fig. 8 I have tried to illustrate the gradual

growth and formation of the commissural which connects

the subn(nu'al and dorsal vessels. The dorsal vessel is formed

l)_y llic i)r()gressive backward concrescence of the two lateral

vessels, which, as a rule, lie at the dorsal edge of the advancing

mesoderm bands. The commissural, which appears very early

and connects the suhneural with the lateral (the semi-dorsal

so to speak), lies from the very beginning between the two sheets

of flic mesodermal septa. From an examination of figs. 13

and 14 it l)ecomes clear that the ' funnel-cell ' or the rudiment

of the septal nephridium is closely associated with the com-

missural vessel, lying in the same intraseptal cavitj^ with and

ventral to the l)lood-vessel. It would seem that in the process

of migration of the lateral vessels to the mid-dorsal position

the commissural vessel must keep pace and travel dorsalwards.

Furtlun-, in th(^ general growth of this vessel dorsally, the

' funnel-cell ' or nephridial rudiment closely associated with it

also travels dorsalwards, and hence results the dorso-lateral

position of the primary septal nephridium.

That the commissural vessel and the rudiment of the septal

nephridia lie in the same hollow of the septum between the

two sheets of mesoderm in the embryo is clear from figs. 13

and 14, and is evidence of the close association of these two

structures. That there is some morphological relationship is

also shown by the fact that, in the adult worm, the septal

nephridia are only present on those septa that have a com-

missural vessel. In the first fourteen segments of the worm
there are no septal nephridia and no commissm'al vessels either.
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Once the ' funnel-cell ' reached its dorso-lateral position,

it developed into a nephridiiim with a funnel (a septal nephri-

dium) ; but it would seem that the terminal duct of the

nephridium had, so to speak, lost its original course, having

been removed from the body-wall and having been caught in

the ' tunnel ' of the septum containing the commissural vessel.

The terminal duct followed the course of the vessel and travelled

towards the mid-dorsal line, where, on meeting its fellow of the

other side, it formed the supra-intestinal excretory duct.

It would be a case of induced development and growth, stimu-

lated by the course and development of the commissural

vessel. When we have once got a septal nephridium formed

in the dorso-lateral position, its terminal duct would tend to

find a way out. But since the way to the body-wall is blocked,

the terminal duct lengthens out and follows the course of the

commissural vessel. Examples of this kind of ' dependent

differentiation ', a term due to Eoux, are found in the experi-

ments of Lewis and Spemann. Lewis has shown that a lens

will be formed from any patch of ectoderm taken from some

other part of the body and grafted over the optic cup during

the development of the eye in Ambly stoma and some

species of frogs. Spemann and Lewis have also found that in

the absence of contact between the optic cup and the ectoderm

the cornea is not developed, that is to say, the overlying

ectoderm does not ' clear ' (lose its pigment), it does not thin

out, and Descemet's membrane is not formed.^

Once the supra-intestinal duct is formed in the mid-dorsal

line above gut, the only possible way to discharge the excretory

fluid is to have communications with the gut in each segment.

This tendency of the nephridial ducts to open into the gut has

been noticed in other worms also. Eosa (14) found in one

species of Allolobophora (A. antipae) that all the

nephridia of the posterior region of the body, instead of opening

on the exterior, communicate with a pair of longitudinal

canals which open posteriorly into a median vesicle com-

municating with the rectum. It would appear that in outline

^ Jenkinson's ' Experimental Embryology ', pp. 271-7.

H 2
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the condition of nephridia in the posterior region of tlic body

of Allolobophora antipae is remarkably similar to

that in the whole length of the body of Pheretima. On
the formation of communications between the supra-intestinal

ducts and the lumen of the gut, the essentials of the ' entero-

nephric ' system are completed.

The formation of secondary septal and integumentary

nephridia is not difficult to explain. The septals are, no doubt,

traceable to the same source as the primary nephridia, i.e. to

the cell-group making its way into the intersegmental septum.

The ])rimary nepln'idium already has a pre-septal funnel,

while, of the succeeding secondary ones, most have a post-

septal funnel, there are some with a pre-septal funnel. It

is possible that the original ' funnel-cell ' has something to

do with the pre-septal or post-septal position of the funnel.

If the funnel is formed from the original ' funnel-cell ' or

a derivative of it, we get a pre-septal funnel ; l)ut if the funnel

is formed from one of the other cells which takes up the

character of the ' funnel-cell ', a post-septal funnel results.

As regards the secondary integumental nephridia, their

separation from the primary nephridia and from one another

has gone much deeper and further than that shown in the

developing nephridia of Megas col ides (17) and Mah-
benus (8). They are coeval in origin, but not connected in

any part of their development.

Both the buccal cavity and the pharynx, forming that por-

tion of the alimentary canal wdiich lies in the first four segments

of the body, belong to the stomodaeum ; and since the latter is

morphologically external, the pharyngeal nephridia opening

into the stomodaeum may be said to open on the ectoderm.

But the facts of development do not help us in understanding

the possible course of evolution of these nephridia. We cannot,

for example, assume that these nephridia are really integu-

mentary, but have come to occupy their present position and

relationship on account of the anterior portion of the worm
being formed into an ' introvert ' or a stomodaeum. This

assumption does not work in giving us the adult structure
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from the hypothetical original condition of these nephridia.

The development of secondary pharyngeal nephridia as distal

buds on the pharyngeal ducts is remarkable.

11. Material and Technique.

The material for this work consisted of cocoons of Phere-
tima containing embryos of various ages. In the Kew
Gardens, where I got my supply of these worms from, they

are found along with two or three other genera in the soil of

the Lily House, and, if the cocoons were collected from that

soil, it would be difticult to distinguish the cocoons of one genus

from another. Accordingly, to be quite sure of the specific

identity of my material, I tried the isolation and culture

method, which I briefly describe below.

I took common garden soil and sterilized it for two or three

hours to kill all organisms in it, specially the cocoons of other

worms, eggs of insects, &c. This earth was mixed with sand,

and finally I added to this mixture a quantity of decaying leaves

which had also been previously sterilized. Four garden pots,

the bottom holes of which were closed with corks, were filled

with the sterilized soil and about fifteen worms of this species

of Pheretima were kept in each pot. These pots were kept

in a hot-house with an average temperature of 60° F. ; the

earth in the pots was kept moist and sterilized decaying leaves

were added from time to time. After the first two months

I was able to get cocoons in this way almost throughout

the year, and was always sure that the cocoons were of Phere-
tima alone and of no other worm.

Various methods were tried to sift out the cocoons from the

earth, but the least troublesome, and therefore the best, is to

put a heap of earth in a fine sieve and to stir the earth while

keeping the sieve in a bucket of water. The earth passes

through the sieve and settles down at the bottom of the bucket,

while the cocoons are left in the sieve along with the large

pebbles and pieces of stone. The cocoons can be easily found

and picked up with a wet paint-brush.
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Since the cocoons of Pheretima have a transparent shell,

the embryo inside a cocoon can be easily seen under a binocular

microscope by transmitted light. It is therefore easy to know

the age and size of the embryo before opening the cocoon.

Since in a given lot of earth the cocoons are of all ages, we can

at once select an (anbryo of the desired age, provided we have

a large number of cocoons. As a rule there is (mly one embryo

in each cocoon, but we sometimes meet with two or even

three.

The cocoons are opened in salt solution by means of a pair

of sharp needles under the binocular microscope. Very early

stages (blastulae and gastrulae) were mounted whole in clove

oil after staining with paracarmine. Two pieces of hair were

placed below the coverglass, which enabled the rounded embryo

to be rolled under the coverslip in order that it could be

examined from all sides.

Embryos of about 4 to G mm. in length were used both for

whole mounts and sections for the study of integumentary

nephridia. The embryos while in salt solution were always nar-

cotized by ether and fixed either with Bouin's fluid or corrosive-

acetic or Petrunkewitsch. The latter solutions were found

preferable to Bouin, since this fluid hardens the food-yolk very

nuich and makes it brittle for section-cutting. Serial longitudinal

sections of a few embryos of suitable age enables one to follow

the development of integumentary nephridia fairly completely.

A series of transverse sections, 5 m in thickness, of an embryo

about 300 M in length, was very useful in following the very

early stages of development, e.g. the teloblasts and their

development. For the later stages of development of primary

nephridia, as represented in Text-fig. 4, embryos fixed in

Bouin or corrosive are slit open by means of a sharp needle

along the mid-dorsal line, the roll of albuminous material

fining the gut is removed, and with a little care the endoderm

itself is removed. What is left is the body-wall with the

nephridia attached to it. This is stained with paracarmine,

flattened out, and mounted whole.

Older embryos, about 10 mm. or more in length, are fixed
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in the same way and opened by a mid- ventral incision;

the albumen is removed but not the endoderm : these, when

mounted flat, show the septal nephridia in all stages of develop-

ment, as represented in figs. 14 and 15. Since they he in two

rows, one on each side of the dorsal vessel, it is best to open the

embryos from the ventral side and look for the nephridia on

each side of the dorsal vessel. In order to avoid any displace-

ment of the septal nephridia it is best to leave the endoderm

on ; but it is necessary to brush carefully the inside of the

embryo with a fine camel-hair brush, so that all yolk-material

sticking to the inside of the gut is removed and the prepara-

tion rendered quite transparent to show the septal nephridia

to the best advantage.

The most difficult part of the task, however, was to trace the

initial stages of development of the septal nephridia—to find

out whether the ' rudiment ' ('Anlage ') of the septal nephridia

arose as a multiplication of one or more cells belonging to the

walls of the adjoining coelomic sacs (the septa), or it was

formed by a group of cells between the two contiguous sheets

of the intersegmental septa. For this purpose it was necessary

to have serial longitudinal sections of the dorsal and dorso-

lateral parts of an embryo of suitable age, i.e. one in which one

could expect to find the septal nephridia in very early stages

of development. The difficulty in getting such sections arises

from the fact that the gut in embryos of this age is so enor-

mously distended with food-yolk as to squeeze out of existence

altogether the coelomic cavity between the body-wall and

the gut dorsally. Consequently it becomes impossible to distin-

guish, in sections of such embryos, the septa and the nephridial

masses on them. Many series of sections were cut of embryos

which had been flattened out, after being cut open ventrally

and the food-yolk removed. In these series, although the

coelom could be distinguished in some of the segments, it was

obliterated in others, and no accurate and reliable observations

could be made. In many of the embryos part of the posterior

end was cut off before fixation to allow the food-yolk to ooze

out and thus let the wall of the gut shrink away from the
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body-wall, restoring the coelomic cavity on the dorsal side.

I did not meet with much success even by this method. At

last I was lucky in finding two embryos, one of which was just

of the right age (about 6 mm.) and in both of which the gut

was narrow and the coelomic cavity all round very spacious.

A complete series of longitudinal sections of one of them gave

me all the stages of development of the septal nephridia, and

I was able to establish, firstly, that the septal nephridia

develop between the two peritoneal sheets (inter-peritoneal),

and, S(!Condly, that they could be traced to their final septal

position from their first place of origin in the primary nephric

row in the body-wall.

12. Summary.

1. The three kinds of nephridia—integumentary, septal,

and pharyngeal—appear at successive stages of development

of the embryo ; the integumentary preceding the septal and

pharyngeal, both of which develop simultaneously.

2. All the three kinds can be traced back to the original

row of nephridial cells of ectodermal origin. Thus all the

different nephridia are ultimately derived from one common
origin.

3. The primary pair of integumentary nephridia are the first

to appear from a ' retro-peritoneal ' group of cells. The

rudiments lack the ' funnel-cell ', and consequently a ' coelomic
'

funnel is never developed in these nephridia. They open to

the exterior on the body-wall.

4. These primary integumentary nephridia do not appear

in the same position in successive segments of the embryo,

but are irregularlv distributed all over the bodv-wall.

5. The septal primary nephridia can be traced back to a group

of nephridial cells, including the ' fumiel-cell ', which make

their way into each septum between its two adjoining peri-

toneal lamellae.

6. The primary septal nephridia have always a well-developed

pre-septal funnel, and appear along a straight line on both

sides of the dorsal vessel. They appear after the primary
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integumentary pair has reached a fairly advanced stage of

development.

7. The secondary nephridia of both the integumentary and

septal types are not budded off from the primary nephridia,

but the rudiments of all have a common origin and separate

early. They resemble the primaries in every respect, except

that in the case of the septal secondaries the funnel is either

pre-septal or post-septal.

8. The terminal ducts of the primary septal nephridia form

the dorsal portions of the septal excretory canals on the septa,

and the canals of both sides form the supra-intestinal duct on

meeting the mid- dorsal line above the gut. The segmental

ductules establishing a communication between the supra-

intestinal duct and the lumen of the gut appear soon after

the formation of the supra-intestinal ducts.

9. The primary pharyngeal nephridia of the fourth, fifth,

and sixth segments develop from a ' retro-peritoneal ' group

of cells like the integumentary ones, and have long ducts

reaching the wall of the pharynx. Secondary nephridia are

formed as successive buds on the ducts, anterior to the primary

nephridia.

10. The possible phylogenetic stages in the evolution of

the ' enteronephric ' type of nephridia are as follows : (1) the

severance of the connexion between the septal funnel and the

body of the nephridium
; (2) migration of the severed portion,

i. e. the ' funnel-cell ', together with some other nephridial

cells from a ventral to a lateral position in the embryo
; (3) the

growth of this severed portion into a septal nephridium and

the acquisition by the latter of an opening into the gut
; (4) the

elongation of the terminal ducts of all septal nephridia towards

the mid-dorsal line (induced by the course of commissural

vessels) and the formation of continuous supra-intestinal

ducts. It is problematic whether the severance of the

connexion between the funnel and the body of the nephridium

took place before or after the connexion of the nephridium

with the gut.
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EXPLANATION OF PLATES 5-7.

Illustrating Dr. K. N. Bahl's paper ' On the Development of

the " Enteronephric " type of Nephridial System found in

Indian Earthworms of the genus Pheretima'.

Fig. 1.—Whole mount of a very young embryo (146/i X 130ju) seen in

a ventro-lateral aspect, showing the mesodermal pole-cell m.p.c, the

neural and nephridial teloblasts n.n.t., and the mesoderm band ')n.b.

x500.

Fig. 2.—Longitudinal section of an embryo 245pi in length, showing the

relative position of the mesodermal pole-cell and one of the teloblasts.

The ectodermal origin of the teloblast is clearly indicated. T, the neural

teloblast ; ex., coelomic cavities in the mesoderm ; arch., archenteric

cavity ; end., endodermal cells with yolk-granules, x 500.

Fig. 3.—Ventral portion of a transverse section from the posterior end

of an embryo 300/x long, showing the origin of the teloblasts in the ecto-

derm. The teloblasts are still embedded in the ectodermal layer, but are

sharply marked off from the definitive ectodermal cells. On the right are

seen two teloblasts, the ventral one being the neural and the lateral one

the nephridial. On the left are seen three cells still embedded in the

ectoderm which lie in front of the teloblasts and have been budded off

from them, n.t., neural teloblast ; np.t., nephridial teloblast ; c.L, cells

budded off from teloblasts ; m.s., hollow mesodermal somites with coelomic

cavities, c.c. ; ect., ectodermal cell, x cir. 620.

Fig. 4.—Ventral portion of the section just in front of the one shown

in fig. 3, showing the gradual demarcation of the neural and nephridial

cells from the definitive ectoderm, lat.t., lateral teloblast ; n.c, neural

cells ; nph.c, nephridial cells, x cir. 664.

Fig. 5.—Ventral portion of a longitudinal section through the hind end

of an embryo about 3 mm. long, showing the nephridial string of cells

breaking into the cell-masses destined to give rise to the nephridia.

M.P.C, position of mesodermal pole-cell; nph.t., nephridial teloblast;

nph.l., nephridial layer of cells ; }ii.l., layer of mesoderm with coelomic

cavities; ed., ectoderm. x545.

Fig. 6.—Transverse sections of an embryo 300/x long, from which

figs. 3 and 4 have been drawn, showing the ' funnel- cells ' in section

between the two adjoining coelomic cavities, i.e. in the septa, n.c, nerve-

cord ; nph.c, groups of nephridial cells
; f.c, funnel-cells ; ect., ectoderm.

X400.

Fig. 7.—Portion of a longitudinal section of an embryo, showing the

nephridial groups of cells pushing into the intersegmental septa. Other

letters as before, x 640.
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Fig. 8.—Five consecutive longitudinal sections of a series taken from

the hinder portion of an embryo about 4 mm. long, showing the develop-

ment of piimary integumentary nophridia, and their relations with the

intersegmental septa, nph., nepluidia (integumentary) ; nph.c, nephridial

cells pushing their way into the septa ; i.s., intersegmental septum ;

c.c, coclomic cavity ; ect., ectoderm.

Fig. 9.—A portion of a longitudinal section of the same embryo as in

lig. 8, showing the developing integumentary nephridia. Letters as in

Hg. 8. X 1,200.

Fig. 10.—Portion of a longitudinal section of an embryo, showing the

semblance of a ' fuiuiel ', the only series in which a ' funnel ' is seen.

,/'., pseudo-funnel, x 1,160.

Fig. 11 (a-p).—A series of diagrams showing the developing stages of an

integumentary nephridium, taken from whole mounts of embryos with

endoderm and albumen removed. Nephridia lie posterior to the septa.

j.iS'., intersegmental septa ; s.l., short straight lobe of the nephridium ;

t.l., the twisted loop, x cir. 630.

Fig. 12 (a-e).—A series of diagrams from whole mounts showing the

exact mode of development of a primary septal nephridium. /., the

prc-septal funnel ; s.l., straight lobe ; t.l., twisted loop ; t.d., terminal

dust; C.V., commissural vessel; i.s., intersegmental septum. xo30.

Fig. 13.—Longitudinal sections of the posterior end of an embryo about

6 mm. in length, showing how the ' funnel-cell ' travels from its original

position in the nephridial layer of the body-wall to its final position on

the septa on each side of the dorsal vessel. 1-6 are sections of septa

from the same series showing the change in position, c.v., commissural

vessel ; f.c., funnel-cell ; v.lat.; ventro- lateral branches of the ventral

vessel ; c.c, coclomic cavities, x cir. 1,250.

Fig. 14 (a-d).—A series of septa in longitudinal sections showing the

early development of a septal nephridium ventral and close to the com-

missural vessel and between the two sheets of mesoderm fomiing a septum.

b.iv., body-wall; c.v., commissural vessel; nph.r., nephridial rudiment.

X cir. 1,250.

Fig. 15.—Two intersegmental septa with nephricUa on them from a whole

mount of an embryo about to hatch out of the cocoon, showing the develop-

ing secondary nephridia of both kinds, one with pre-septal funnel and the

other with post-septal funnel. ps)i., primary septal nephridium ; sec.s.n.,

secondary septal nephridium with post-septal funnel ; sec.s.n'., secondary

septal nephridium with a pre-septal fumiel. x450.

Fig. 16,—Part of a transverse section of an embryo, showing a rudiment

of a secondary septal nephridium. c.v., commissural vessel ; b.w., body-

wall ; n.c, nerve-cord ; d.v., dorsal vessel ; other letters as in fig. 15.

x330.

Fig. 17.—Portions of two consecutive sections of an embryo, showing
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the development of secondary integumentary nephridia. sec.i.n., secondary

integumentary nephridia ; ep., epidermis ; circ.m., layer of circular

muscle-fibres ; long.m., layer of longitudinal muscles ; s.s., setal sacs.

x440.

Fig. 18.—Longitudinal section of the anterior portion of an embryo

about 4-5 mm. in length reconstructed from serial sections, showing the

early development of pharyngeal nephridia and their ducts (both being

solid at this stage), ph^, phr,, ph^, pharyngeal nephridia of the fourth,

fifth, and sixth segments with their respective ducts ; phx., pharynx ;

i.g.^ integumentary nephridia of the seventh segment ; b.c, buccal cavity ;

e.g., cerebral ganglion ;
ph.gl., pharyngeal gland-cell.

Pig. 19.—Longitudinal section of the anterior portion of an embryo

about 6 mm. in length, showing the primary pharyngeal nephridia and the

buds of the secondary ones arising on the ducts, d.v., dorsal vessel

;

lat.oe.v., lateral oesophageal vessel.

Fig. 20.—Three embryos of typical ages of Pheretima rodri-

c ens is, shown in natural size. A is an embryo about 4 mm. in length,

from sections of which figs. 5, 8, 9, and 22 are taken. B is an embryo

about 6 mm. in length, from sections of which figs. 17, 18, and 23 are

taken. Whole mounts shown in figs. 11, 12, 13, 14, and parts of 15 are

taken from embryos of about this age. C is an embryo about to hatch

out of the cocoon about 17 mm. in length. Figs. 16, 19, 20, and 21 are

taken from whole mounts or sections of embryos of this age. Nat. size.
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1. Introduction.

A REMARKABLE case, wliere a hydrocoele and its associated

structure had developed only on the right side instead of on

the left side of the Iwdy, as in normal specimens, came under

my notice among tlie artificially reared larvae of Echinus

m i 1 i a r i s .
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Cases of situs inversus viscerum are not very rare in nature,

and arc frequently met with under artificial conditions.

Spemann (29, pp. 400-14), in his most interesting experi-

mental studios on Triton larvae, has made an exhaustive

survey on cases of situs inversus. According to him (p. 401)

the cases may bo classified into two categories, though the

distinction between these two may not be clean-cut. The

one comprises such cases where an ' inverting ' factor affects

an individual very early in its ontogeny, it may be even before

fertilization, so that the ' microstructuro ' of the egg under-

goes a change at once and completely. Those Gasteropods

with reversed spiral belong to this category. Conklin

(3, p. 585) suggested as its cause the reversal of the polarity

in the egg.

To the second Ijelong those cases where that factor acts much

later in the embryonic development, a little while previous to

the time when any visible asymmetry of organization occurs.

It affects only a single but decisive part, and in consequence of

the abnormal development of that part all the other adjoining

organs will assume the inverse situs. There are many interest-

ing instances of this : thus, for example, a chick embryo

heated on its left side (Dareste, Warynski and Fol),

a Triton embryo with a portion of the medullary plate

cut out and replaced in the inverted position (Spemann),

an egg or embryo which has been constricted along its median

plane partially or completely so as to give rise to either a double

monster or twins (Spemann; compare Bates on, 2,

p. 560, and Morrill, 18, p. 267), and two halves of embryos

with different rate of growth grafted together (Spemann)

can likewise produce the situs inversus. Cases of such partial

situs inversus have also been interpreted in a most satisfactory

manner, as has also the striking fact that generally the abnor-

mality is exhibited by the right-hand members of double

monsters of Triton (and trout) and by the right-hand

member of twin Triton larvae.

Turning now to the case of the reversed Echinus larvae,

I have tried to propose tentatively an interpretation. This
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case is, it seems to me, more or less related to, but distinct

in some respects from, the above-mentioned second category

(seep. 141). The idea came to my mind after the experiments

had come to an end, and it needs further test with special

reference to this question.

The experiments were made during the early summer of this

year (1920) in the Zoological Department, Imperial College of

Science and Technology, London. It is my pleasant duty to

tender my hearty thanks to Professor E. W. MacBride
for his kind supervision and unceasing encouragement through-

out the time during which the work has been carried out.

The writing of the manuscript was done in the Natural

History Department of the British Museum. My cordial

gratitude is also due to Sir Sidney F. Harmer, Director

of the Department, for his kind permission to work there and

to use the library.

2. Descriptions of the Larvae with Inverse Situs.

It must at the outset be stated with regret that the descrip-

tions of internal structures as here given are founded on a very

few specimens which I could preserve and section. As will

be seen in the table (p. 115) the total number of reversed larvae

I found was more than 150, but with the hope of getting as

many metamorphosed young as possible I did not kill and

preserve many of them. The observation on the early stage

when the right hydrocoele makes its appearance, i.e. the

earhest visible sign of the abnormality, is also lacking. About

half a dozen metamorphosed young were obtained, but all

the rest died off gradually without affording me any oppor-

tunity of following the internal changes which had taken place.

External Characters.—Eight larvae with the inverse

situs were first found on May 31, when they were eleven days

old. The ' larval ' body was quite normal both in size and

shape : two pairs of larval arms, post-oral and antero-lateral,

both symmetrical and fairly long
;

postero-dorsal arms still

very short ; the posterior part of the body-rod beginning to

degenerate, with its club-shaped end separated from the rest

NO. 261 I
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and lying near the hind end of the body. Both the ventral

and dorsal opaiilottos were already separated from the ciliary

bands, the anterior transverse part of the latter showing a

peculiar twist which indicated the future position of the paired

pre-oral arms.

A hydrocoele, stone-canal, and amniotic invagination were

all situated on the right side, whilst no such organs

were found on the left side. No special attention was paid

to such a slight asymmetrical distortion in shape of the stomach

as was often noticed by llunnstrom in some abnormal

larvae (24, 25).

Similar larvae were found later to be fairly numerous, and

were transferred to a separate jar where they were allowed to

develop further. There was found no difference in the rate

of growth between normal larvae and these abnormal ones.

When fully grown (Text-fig. 1) the abnormal larva possessed

four pairs of well-developed arms, a large echinus-rudiment {rd)

on the right side, from which five primary tentacles often pro-

truded and moved actively. Whether a pair of pedicellariae

really appeared on the left side as is the case with Strongylo-
centrotus (see p. 130) I cannot assert at present, though it

seems to me to be highly probable. As to those paired cal-

careous structures which appeared on the left side, as seen

in the text-figure (sp^), I am almost certain that they were

groups of spines.^ The unpaired spine which should appear

in normal cases at the hind end, a little to the right of the

median line, was here found shifted to the left side (sp^).

No less than half a dozen of such abnormal larvae passed

metamorphosis when a month old. As to the external feature

of these young sea-urchins one can find no difference from

1 While dealing with the living larvae I thought without the slightest

doubt that the paired calcareous structures alwaj^s found on the left

side were really pedicellariae. Text-fig. 1. which is the only drawing

made of this stage from life and the only evidence now available, shows

that they are situated inside the loop of the ciliary band. This position

coincides precisely with that of the groups of spines as described by

Runnstrcim (27, pp. 21-2. figs. 21-3). In this particular specimen

at least there were present no true pedicellariae (see p. 138).
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Text-fig. 1.

St sp,

Full-grown larva of Echinus miliaris with inverse situs.

Ventral view. x75.
an, anus ; cd, constriction between larval oesophagus and stomach ;

ep, ventral and dorsal epaulettes ; mo, larval mouth ; p.y. constric-

tion between larval stomach and intestine ; rd, echinus-rudiment

formed on the right side ; sp^, rudiment of posterior unpaireti

spine situated a little on the left to the median line ; sp^, a pair

of groups of spines formed on the left side.

I2
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normal young. All tho sets of primary unpaired and first-

paired tentacles, pedicellariae, pointed and square-ended

spines, were formed precisely as in the young which had

metamorphosed from normal larvae. It was hoped that

they would develop further to the stage when the asymmetrical

arrangement of the organs, above all the peculiar coil of the

intestine, would be more pronounced. Unfortunately, however,

they were all lost after ten days, probably b(*ing destroyed by

a tiny Gasteropod which had been carelessly put into the jar

together with some C'orallinae.

Internal Structures.—So far as the internal anatomy

of the larva is concerned, the following short account is all

we can learn. The transverse sections of the larva (Text-

fig. 2) are exactly the mirror-images of those of normal larvae,

so that one cannot distinguish them from sections of a normal

larva mounted upside down. An eleven-day-old larva has the

pore-canal {j)c) still distinctly opening on the right side of the

mid-dorsal line (dj)), a madreporic vesicle (mv) lying close to

the canal, situated at its median side but without any com-

munication whatever with it. The canal then leads to the

thin-walled axial sinus (ax) which lies close to the oesophagus

(oe). The stone-canal (st) comiects the axial sinus and the

hydrocoele just as in the normal case. The hydrocoele (hy)

situated on the right side of the stomach (g) has just begun

to produce lobes, and an amniotic invagination {am) has

already appeared. No traces of hydrocoele, stone- and pore-

canals were found on the left side. From want of material

it is not known on which side of the posterior coelom the

genital stolon w^ould be formed.

Thus, w^ith doubtful exception of the pedicellariae and genital

stolon, the internal organs as w-ell as the external characters

showed perfectly the inverse situs in every detail, so far as

I could examine. With regard to the pedicellariae and genital

stolon I refrain from expressing a definite opinion. We may
expect to find some aberrant types as might be suggested

from fm'ther descriptions of double-hydrocoele larvae.

Similar cases previously known.—So far as I am



SITUS INVERSUS IN ECHINOIDS 111

aware, the similar cases among Echinoid larvae have only been

recorded twice by Eunnstrom. He described two such

larvae of S t r o n gy 1 o c e n t r o t ii s 1 i v i d u s reared at Monaco.

Text-fig. 2.

mv pc

Transverse sections of an eleven-day-old reversed larva of Echinus
m i 1 i a r i s . x 300.

am, amniotic invagination ; ax, axial sinus ; dp, dorsal pore

;

ep, ciliary epaulette ; g, stomach ; hy, hydrocoele ; in, intes-

tine ; mv, madreporic vesicle ; oe, oesophagus
; pc, pore-canal ;

rpc, right posterior coelom ; st, stone-canal.

[Case A.] Eunnstrom, 1912 (23), pp. 2-3, 'no. 1';

1918 (36), pp. 419-20.

Left : no hydrocoele developed, but instead of it a ventral

primary pedicellaria was formed.
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Kight : echiiius-rudiuiont well developed. iJornal pore

remaining at its original position on the right of the mid-dorsal

line, no shifting towards the latter taking place.

[Case B.] Eunnstrom, 1912 (23), pp. 7-10, 'no. 5';

1918 (26), pp. 420-4, Taf. xiv, figs. 12-lG.

Left : hydrocoele not formed, anterior coelom remaining

rudimentary. Amniotic invagination formed as only a shallow

depression, and afterwards disappearing. Pedicellariae present,

the dorsal one being already formed while the ventral one was

indicated by accumulated cells.

Bight : anterior coelom consisted of two portions, one being

the axial sinus connuunicating with stone-canal and the other

representing the madreporic vesicle (' pulsating organ '), which

displayed infrequent and irregular pulsation. The dorsal

pore was not at first formed, though an ectodermal groove

indicated it. After some days a pore opened anew, and the

madreporic vesicle began to pulsate more frequently and

regularly than before. The stone-canal became split into two

parts, one short and still connuunicating with the hydrocoele

whilst the other was longer and opened freely into the coelom.^

Thiese two then degenerated and a new stone-canal appeared,

so that the hydrocoele regained its connnunication with the

exterior. The hydrocoele produced two diverticula, one of the

ordinary size and the other much larger. The amniotic invagina-

tion was not formed, but instead of it there were two ectodermal

pits. These the author at first (23) interpreted as rudiments

of the primary pedicellariae, but afterwards (26) corrected

his former view and called them ' spine invaginations ' (see

p. 138).

In other classes of Echinoderms, Auriculariae wdth the

hydrocoele on the right side only were noticed by Miiller

many years ago (19, pp. 101, 109, Taf. v, fig. 1). From com-

munications with Dr. Th. Mortensen I have learnt that

he found among the larvae of Ophionotus hexactis
two specimens which had a right hydrocoele only. I here

1 Cavite generale ' aud ' Korperhohle ' in the original descriptions.

Under these terms the posterior coelom is probably meant.
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express my thanks to Dr. Mortens en for the kind permis-

sion to note this discovery, which ho has not yet pubhshed.

3. Eesults of the Expekiments.

The purpose of our experiments made under the direction

of Professor MacBride was to carry out a further test of

the influence of high sahnity on the production of double

hydrocoeles (15, pp. 334-7, 341). Fresh specimens of

Echinus miliar is were sent from Plymouth, ripe males

and females were then selected from among them, and the

eggs were fertilized. For detailed descriptions of the method

we adopted I refer to MacBride's paper (15, pp. 326-9).

Only a few details need be added here (see table on p. 115).

' Outside water ' of Plymouth (1, p. 372) was always used in

starting the culture, viz. the eggs were fertilized in it and then

kept for a day in finger-bowls filled with clean ' outside water
'

(' finger-bowl period '). One-day-old larvae with pyramidal

body and a pair of rudimentary post-oral arms were then

transferred to Brelfit jars, which had been filled with ' outside

water ' supplied with some Nitzschia (' Breffit-jar period ').

Then some of them were treated for several days with ' hyper-

tonic ' sea-water, which had been synthetically prepared

according to Allen and Nelson (1, pp. 369-71), and the

salinity increased roughly to 3-7 per cent, while others were

left untreated as controls. When about a fortnight old, the

larvae were put into plunger jars, which had been filled with

synthetic sea-water of normal salinity mixed with a small

quantity of ' outside water ' (' plunger-jar period '). The

results of five more or less successful cultures are here shown

in the table. They were offsprings of three different parents :

culture nos. 1 and 4 belonging to the first, nos. 6 and 9 to the

second, and no. 11 to the third. The larvae with the inverse

situs were first discovered among no. 4, on May 31. Those

fifty-four abnormal larvae of this culture were then kept

separate in a Breffit jar. On June 19, thirty days after fertiliza-

tion, some few among the normal ones of this culture were

found just metamorphosed into tiny young sea-urchins, while
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one of those fifty-lour abnormul larvae also metamorphosed

on the same day. Within ten days afterwards 127 normal

larvae and six abnormal ones had metamorphosed to young

sea-urchins from this culture. Mac Bride (11, p. 2U4) got

the larvae of Echinus esculent us to metamorphose in

forty-two to fifty days after fertilization, while Allen and

Nelson (1, pp. 420-1) found the earhest metamorphosed

young of E . a c u t u s forty-two days after fertilization,

of E. esculent us, forty-eight to sixty-eight days, and of

E . m i 1 i a r i s , thirty-eight days. As compared with these

records of regular S(*a-urchins our case was nmch quicker in

development. On the other hand, the culture no. 1 1 and others

from the same parents suffered from want of food seriously

after the first week of their development, and when examined

on September B they were, though seventy-six days old, all

very far from metamorphosis, the * larval ' body fully developed,

but the echinus-rudiment, if present, being very small. The

culture no. 0, for some unknown cause, gave poor results.

Most of the larvae died off very quickly, and the survivors

showed various irregularities in shape.

The food supply was generally good during the first week

or so, but afterwards in most cases it could not be continuous,

and became unavoidably very irregular, owing to the unsuccess-

ful culture of Nitzschia.
Now, from among the ' treated ' larvae (nos. 4 and 9),

which number 784 in all, there were found 88 inverse (11-2 per

cent.) and 6 doubles (0-8 per cent.). In ' controls ' (nos. 1, 6, and

11), on the other hand, from among 646 larvae, there appeared

69 inverse (10-7 per cent.) and 13 doubles (2 per cent.). This

shows clearly that there is no noticeable difference in the

rate of producing abnormalities between these two differently

treated lots. We shall discuss this question later on (p. 143).

The results of Professor MacBride's experiments of

producing the double hydrocoele (15) may here be cited

briefly.

1914 (pp. 334-5). The larvae three or four days old were

treated for ten or eleven days with ' hypertonic ' sea-water
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which had been prepared by (tvaporating. A right hydrocoele

appeared but the amniotic invagination failed to appear,

and the larvae refused to develop further.

1915 (p. 335). From among the larvae treated as above

the most promising ones were isolated and fed on abundant

N i t z s c h i a . One larva produced a five-lobed hydrocoele on

the right side.

1916 (p. 335). In both groups, those; kept throughout in

' hypertonic ' sea-water and thost! put back in normal sea-

water, after being treated for one to three days, were found

some larvae with an unmistakable right hydrocoele provided

with five tentacles.

1917 (pp. 335-7). ' Hypertonic ' sea-water was prepared this

time by adding common salt to sea-water. The fourth-day

larvae were transferred to ' hypertonic ' sea-water and allowed

to remain in it for six days, after which period they were again

put back in normal sea-water. The larvae with double hydrocoeles

were about 2 per cent, in one jar, while at least 5 per cent,

were in the other. Amongst hundreds of controls there was

found only one specimen which had a double hydrocoele.

The result obtained in 1919 was so similar to that of the fore-

going year that he thought it unnecessary to publish anything

about it.

Before further discussing the causes and processes of forma-

tion of the abnormalities, let us stop for a moment to consider

some questions which may naturally arise in the reader's mind.

These are the questions of fundamental importance : (1) Is

not the writer's discovery due to an error of observation ?

(2) Is not the occurrence of such abnormal larvae also common
in nature for this particular species—at least in a particular

season and at a particular place '? (3) Is not the scantiness

of records due to negligence on the part of previous observers ?

(4) Is not the so-called ' abnormal ' condition hereditary "?

(1) It is rather incredibly frequent to find that even careful

observers make an error in the use of the so-called endless

screw of the fine adjustment of some microscopes so as to

confound the upper surface of the object with the under
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surface, for instance, with the result that a minute spiral

structure may be taken as turned in a wrong direction. In

my case it will be quite sufficient to state that as the larvae

were fairly large objects under the microscope, I used to focus

by means of the coarse adjustment while examining them with

respect to the symmetry relations.

(2) It is now impossible to compare our culture with the

larvae belonging to the same species which might have been

found in plankton near Plymouth in the early summer of the

same year (1920). One may suppose that if quite a number

of naturally-developed larvae were examined carefully there

might also be found some such abnormal forms. I think one

may safely say, however, that at least the occurrence of this

abnormality in so high a percentage as more than 10 per cent,

is really due to artificial conditions.

(3) In view of the fact that in our cultures such larvae with

inverse situs were eight times as numerous as the doubles

(157 : 19), I cannot help doubting that the previous workers,

who were fortunate enough to discover a few double-hydrocoele

specimens from among hundreds of larvae, would have over-

looked those inverse forms which might have been more

frequent. It is very desirable to know if situs inversus occurs

also fairly frequently in other species of sea-urchins when

artificially reared.

(4) As stated above, the five lots of cultures shown in the

table were obtained from three different parents. It is highly

improbable that such a remarkable case, if inheritable, was

found in at least three individuals out of seventy sea-urchins

(more than 4 per cent.) which had been sent from Plymouth.

From all these considerations I am driven to conclude that

the occurrence of the abnormaUty is true, and can even be

fairly frequent among artificially-reared larvae.

4. Changes which may possibly have taken place

DURING Earlier Stages.

One of the most remarkable and well-known cases of situs

inversus among animals is that of the snails with sinistral
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shells. In some genera and species it is a normal character,

while in others it is regarded as abnormal. As is well known,

the sign of the reversal goes as far back as the se^grnenting egg,

which sliows its spiral cleavage in the direction contrary to

that found in the eggs which will give rise to normal dextral

snails. Conklin (3, p. 585) tried to interpret the phenomenon

by assuming the reversal of the polarity in the egg, which

change might have taken place in its very early stage. This

hypothesis, though still lacking any satisfactory experimental

evid(uice, is very simple and admirable ; and besides this we
have as yet no other explanation.

There is no reason to deny that a state similar to that

occurring among sinistral Gasteropods may occur also among
Echinoderms. But can we not find in our cases of Echinus
larvae any other interpretation w'hich is more plausible and

more probable than this ?

Th(^ Echinoderm egg has been known to be ' equipotent ',

or, in other words, the distribution of the organ-forming

substances becomes established nmch later than in the eggs

of most other groups. We owe to Hunnstrom our know-

ledge of this question. In his series of experiments with

Strongylocentrotus lividus (24, pp. 533-44, Text-

figs, 7 a, 10) he showed that in this species embryos developing

from half-eggs assumed normal characters later than did

similar embryos of Echinus microtuberculatus and

Sphaerechinus granular is. The larva developed

'probably' from the right half of the egg of Strongylo-
centrotus has its skeleton more strongly developed on the

right side than on the left, and, moreover, the coelomic sac

appeared only on the right side. Another of his experiments

(28, pp. 471-3, Text-figs. 16 a, h) shows that wdien an early

gastrula of Solaster sp. had been constricted along its

median line, in the double monster so produced, no hydrocoele

formed ; but a dorsal pore appeared on its left side instead of

on the right, forming a mirror-image of the dorsal pore of the

left half. He thus confirms what D r i e s c h observed in some

few double monsters of Echinus microtuberculatus
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in 1906 (4, p. 765), These results, considered in connexion with

Spemann's Triton twins and double monsters and also

with Morrill's double monsters of the trout referred to in

a foregoing page (p. 106), lead us to expect that if successfully

reared we might get an inverse larva from the right half of

the egg in these Echinoderms also. Indeed, Bpemann
suggested this idea at the end of his work (29, p. 413). I may,

however, only mention that our inverse larvae were all of

normal size, and that there can be no doubt as to their having

been developed from whole unseparated eggs. Gemmill's
information of several cases of twin larvae of L u i d i a s a r s i (6)

is not uninteresting in this respect. Eggs of early cleavage

stages were sent from Plymouth to Glasgow, and, according

to him, the long-continued shaking during the transportation

might have caused the blastomeres to dissociate and such

twins resulted. His figures, especially of those ' side-by-side
'

doubles (PI. ii, fig. 13 ; PI. iii, figs. 19, 21), clearly show that

there is no perceptible difference in structure between the two

halves developed from partially-separated blastomeres, nor

is there any sign in the right half of assuming a mirror-image

of the left. We cannot, however, help doubting whether

separation really took place during the long-continued shaking.

Judging from the haphazard relative positions of the halves

and from apparent differences in age between them in some cases,

one may naturally suspect that the conditions observed resulted

from fusion of two individuals. It is desirable to learn

how the left side of a member will affect the right side of the

other in artificially-grafted larvae. Eesults of both chemical

(G old far b) and mechanical (Eunnstrom) grafting of the

eggs or embryos are unfortunately inadequate to solve the

present problem.

5. Variations among Double-Hydrocoele Larvae

and other abnormalities.

Our attention will naturally turn to the double-hydrocoele

larvae which appeared in cultures associated with the reversed

larvae. To try to find if any relation exists between these
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two kinds of abnormalities we may first examine those known
cases of double-hydrocoele and other abnormal larvae, and

then c(msider the behaviom* of individual organs and the

interrelations to be found between them.

I. Hydrocoeles formed on both sides.

(a) Right hydrocoele and its associated structures more or

less incomplete.

[Case 1.] Strong ylocentrotus lividus. Runn-
strom, 1912 (23), pp. 3-5, ' no. 2 '

; 1918 (26), pp. 417-18,

Taf. xiii, figs. 8 a, h. Reared at Monaco.

Left : anterior coelom large, divided into three regions :

first, the ampulla to which the stone-canal opens ; second, the

main body of the axial sinus extending transversely to the

right and communicating with th(^ third region, the madreporic

vesicle. The last-named vesicle exhibited no pulsating move-

ment. Pore-canal and dorsal pore lacking. Stone-canal and

hydrocoele well developed, the latter produced into five lobes.

Amniotic invagination deeper than normal.

Right : anterior coelom smaller than that of the left,

with pore-canal given out towards the epidermis, without,

however, an opening to the exterior. Stone-canal shoA\'ing

a sign of degeneration, its anterior end beginning to be absorbed.

Hydrocoele smaller than that of the left side. Amniotic

invagination did not form on this side. Posterior coelom

produced into an anterior process, which probably corresponds

with genital stolon.

[Case 2.] Strongylocentrotus lividus. Runn-
strom, 1912 (23), pp. 5-7, ' no. 3 '

; 1918 (26), pp. 413-14,

Taf. xiii, fig. 4, Reared at Monaco.

Left : anterior coelom large, consisting of two regions, one

on the left, connected with stone-canal, the other on the right,

corresponding with madreporic vesicle. The latter became

later separated from the former, and was not seen pulsating.

Pore-canal absent. Stone-canal and hydrocoele well developed,

the latter produced into five lobes. Amniotic invagination

formed but remaining totally undifferentiated.
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Bight : anterior coelom smaller than that of the left side.

A vesicle was seen to be produced from it, which latter the author

interpreted with some doubt as the hydrocoele. All these

parts were seen beginning to degenerate. Amniotic invagina-

tion formed very late, but soon disappeared. Pedicellariae

not formed. The posterior coelom produced an anterior

diverticulum, probably representing the genital stolon.

[Case 3.] Strongylocentrotus lividus. v. Ubisch,
1913 (30), pp. 440-3, Text-fig. u. Eeared at Naples (Gies-

brecht).

Left : axial sinus well developed with the pore-canal which

opened externally by a dorsal pore. Madreporic vesicle

(* dorsal sac ') large, lying close to the axial sinus, but no com-

munication between them existing at all. Echinus-rudiment

fairly advanced. Genital stolon developed.

Right : axial sinus smaller than that of the left side,

pore-canal only represented by a knob from wall of the

former, and a fibrous tissue connecting the epidermis with

this knob. Echinus-rudiment less advanced than that of the

left side.

[Case 4.] Strongylocentrotus lividus. Runn-
strom, 1918 (26), pp. 418-19, Taf. xiii, figs. 9, 10. Reared

at Monaco.

Left : axial sinus, stone-canal, and hydrocoele all developed

normally. Pore-canal and dorsal pore present, the latter later

shifted its position towards the median line. Amniotic in-

vagination formed.

Right : axial sinus well developed, with pore-canal and dorsal

pore. The latter hke its left fellow changed its position later

towards the median hne. Stone-canal formed later, its slight

expanded posterior end representing the hydrocoele. No
amniotic invagination formed.

[Case 5.] Echinus miliaris. MacBride, 1918 (15),

p. 347, PI. V, fig. 9. Reared in London.

Left : axial sinus fused with that of the right side and com-

municated with the exterior 'through a single pore-canal.

Echinus-rudiment large.
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Right : Echinus-rudiment smaller than the left one. No
pediccllariao formed.

[Case 6.] Echinus miliaris. MacBride, 1918 (15),

pp. 389, 848, 847, PI. vi, fig. 11. Reared in London.

Left : axial sinus provided with a pore-canal and dorsal

pore. Lohed hydrocoele and amniotic invagination developed

normally.

Right : axial sinus with a pore-canal and dorsal pore.

Hydrocoele smaller than that of the other side and no lobes

w(*re formed. Amniotic invagination absent. Two pedicel-

lariae developed.

[Case 7.] Echinus miliaris. MacBride, 1918 (15),

pp. 888, 889, 848, PI. viii, figs. 18, 19. Reared in London.

Left : axial sinus fused with that of the right side. Madre-

poric vesicle situated between the compound axial sinus and

the gut. Pore-canal and dorsal pore single. Echinus-rudiment

well-developed. Stone-canal double, probably formed by the

splitting of the string which had connected the hydrocoele

bud with the anterior coelom.

Right : echinus-rudiment developed but, judging from the

figures, it was smaller than the left one.

[Case 8.] Echinus miliaris. Culture 9, 'treated'.

The larva was fifteen days old when found and killed.

Left : axial sinus well developed with a pore-canal and dorsal

pore. Madreporic vesicle rather rudimentary, but distinctly

seen lying close to the pore-canal. Stone-canal normal, leading

to the slightly-lobed hydrocoele. Amniotic invagination formed.

Right : axial sinus and pore-canal rudimentary leaving no

visible lumen. Dorsal pore absent. No madreporic vesicle

found on this side. Hydrocoele as large as that of the left

side, but simply vesicular in shape. Stone-canal has in its

posterior part a distinct lumen and its calibre is as thick as

its left fellow ; but the canal passes into a solid cell-string as

it goes dorsad towards the vestigial axial sinus. No amniotic

invagination formed.

(b) Left hydrocoele and its associated structure more or less

incomplete. Such is found verj' rarelj^ and hitherto any
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definitely-recorded case belonging to this category is lacking.

By the kind permission of Professor MacBride I examined

his preparations and found among twenty whole mounts only

a single specimen with the right echinus-rudiment larger than

that of the left side. [Case 9.]

Text-fig. 3.

.-am

Transverse sections of a fifteen-day-old double-hydrocoele larva

of Echinus miliar is, in which the water-vascular system

of the left side has begun to degenerate, x 300.

am, amniotic invagination ; ax, axial sinus ; dp, dp , dorsal pores
;

g, stomach ; hy, hy , hydrocoeles ; mv, madreporic vesicle ;

oe, oesophagus ;
pc, pore-canal ; st, st', stone-canals.

[Case 10.] Echinus miliar is. Culture 9, 'treated'.

This larva was found to have double hydrocoele when fifteen

days old, and then killed and examined by means of sections

(Text-fig. 3).

Left : Axial sinus quite reduced, being represented by

NO. 261 K
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a solid thickening at the dorsal end of the stone-canal, while

the latter also has no visiljle lumen (sf). Pore-canal repre-

sented ])y a solid cell-mass (pc'), Hydrocoele simple and

vesicular (%')• No amniotic invagination.

Eight : anterior coelom well developed (ax), with its external

communication through a pore-canal (jpc) and dorsal pore {djp).

Madreporic vesicle with fairly distinct lumen (mv), with its

wall in contact with the axial sinus, but no communication

whatever existing between them. Htone-canal (st) formed

normally, and hydrocoele (hy) well developed, being provided

with five lobes. Amniotic invagination formed (am).

I

Case 11.] Echinus miliar is. Culture 9, 'treated'.

Tliis was also fifteen days old when found and killed.

Left : no trace of axial sinus and pore-canal to be found.

Stone-canal ending ])lindly at the anterior end, while posteriorly

it opens to a small widened cavity of the hydrocoele. Amniotic

invagination formed but small.

Eight : axial sinus, pore-canal, dorsal pore- and stone-

canal all well developed. Madreporic vesicle lying close to

the pore-canal. Hydrocoele lobed. Amniotic invagination

a little smaller than the left one.

(c) The hydrocoele and its associated structures of both sides

equal in their state of development or nearly so.

[Case 12.] Spatangoid pluteus collected at Messina.

Metschnikoff , 1884 (17), p. 64.

Echinus-rudiments with ambulacral feet and spines * quite

equally ' developed on both sides.

[Case 13.] Mellita pentapora. Grave, 1911 (9),

pp. 35-46, Text-figs. 1-3. Eeared at Beaufort, N.C.

Axial sinuses, hydrocoeles, and amniotic invaginations of

both sides very nearly equal in development and symmetrically

arranged. Two pore-canals opened by a common dorsal pore

situated on the mid-dorsal line.

[Case 14.] Echinus miliaris. MacBride, 1911 (14),

pp. 237-41, PI. xxiv, fig. 1. Eeared in London.

Here also axial sinuses, hydrocoeles, and amniotic invagina-

tions were found almost exactly in the same state on both sides.
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There was only a single dorsal pore, and no trace of madreporic

vesicle was found.

[Case 15.] Echinus esculentus. MacBride, 1911

(14), pp. 241-4, PL xxiv, figs. 2-4. Reared at Plymouth

(de Morgan).
Echinus-rudiments fully developed when examined and

drawn by the observer, the larva then being fifty-five days old.

The echinus-rudiment of the right side- very slightly smaller

and less advanced, than the left one. Two pedicellariae

developed on the right side and a third appeared at the

posterior end.

[Case 16.] Strongylocentrotus livid us. v.Ubisch,
1913 (30), pp. 440-3, Text-fig. t, Taf. viii, fig. 26. Reared at

Naples (Giesbrecht).

Axial sinus well developed on both sides and almost the same

in size, each beset with a pore-canal, which opened to the

exterior separately by dorsal pores. Mid-dorsally-situated

madreporic vesicle communicated through a narrow canal

with the right axial sinus. Echinus-rudiments and stone-

canals on both sides equally well developed.

[Case 17.] Echinus miliaris. MacBride, 1918 (15),

pp. 338, 347, PI. V, fig. 8. Reared in London.

Echinus-rudiments on both sides of almost equal size.

Dorsal pores two, and no pedicellariae.

[Case 18.] Echinus miliaris. MacBride, 1918(15),

pp. 339, 347, PI. vi, fig. 10. Reared in London.

Both echinus-rudiments nearly equal in size, the right one

slightly smaller. Dorsal pore single. A single pedicellaria

formed on the right side.

[Case 19.] Echinus miliaris. Culture 1, ' control '.

The larva when found was eighteen days old, and had a lobed

hydrocoele, stone-canal, and amniotic invagination developed

almost exactly in the same state on each side. Two pore-canals

opened separately through a respective dorsal pore. The larva

has been carefully fed on sufficient food, and the echinus-

rudiments on both sides developed at equal rate. The two

dorsal pores retained as before their side-by-side positions.

K 2 ,
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No asymmetry in shap(^ of tho stomach was to \)(' found.

The unpaired spine appeared at the hind end on the median

hne. The larva hved for forty-six days and was at the end of

that period very near to metamorphose, hut was missed

suddenly, and hence no further information on the internal

structures could be obtained.

[Case 20.] Echinus miliar is. Culture 9, ' treated '.

The larva was found and killed when it was fifteen days old.

The flattened axial sinus, pore-canal, stone-canal, and lobed

hydrocoele developed nearly symmetrically on each side. Only

on the right side the pore-canal ended in a solid cell-mass,

and no dorsal pore opened. Amniotic invaginations formed

on both sides, the right one being smaller than that of the left

side. No madreporic vesicle found.

(d) Two hydrocoeles formed on one side.

[Case 21.] Echinus miliaris. MacBride, 1918 (15),

p. 339. Reared in London.

There were formed two hydrocoeles on the right side due to

the splitting of the hydrocoele bud which had been formed at

the hinder end of the anterior coelom. One of them normally

developed and had associated with it an amniotic invagination.

The other, smaller and situated posteriorly to it, also possessed

well-developed lobes. There was, however, no amniotic

invagination for the smaller hydrocoele.

II. Hydrocoele formed on the left side only as

in normal larvae, but some abnormalities
found in other associated structures.

(a) Amniotic invaginations on both sides.

[Case 22.] 8trongylocentrotus lividus. Runn-
strom, 1912 (23), p. 7, 'no. 4'; 1918 (26), pp. 414-15,

Taf. xiii, figs. 5, 6. Reared at Monaco.

Left : anterior coelom extending along dorsal side to the

right to form a canal, which had no external opening. It

seems, however, that an opening existed in an earlier stage.

Stone-canal ending blindly at the posterior end. Hydrocoele

isolated, with five lobes, and a blind canal sent towards the
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stone-canal. The author suggests that this hydrocoele may
probably have differentiated from the posterior coelom of the

left side. Posterior coelom was absent at first, but appeared

later. Amniotic invagination formed.

Right : anterior coelom posteriorly situated, being very

elongated and developed much more strongly than normal.

Despite the absence of hydrocoele on this side a small and

shallow amniotic invagination appeared later.

[Case 23.] Strongylocentrotus livid us. Runn-
strom, 1918 (26), pp. 415-17, Taf. xiii, figs, la, h. Reared

at Monaco.

Left : anterior coelom undifTerentiated and devoid of external

communication. Pore-canal ' post-generated ' and dorsal pore

opened on the mid-dorsal line. Hydrocoele at first remained

undifferentiated, but later, when amniotic invagination

appeared, it began to develop again.

Right : hydrocoele not formed. Amniotic invagination

appeared later, but soon degenerated.

(b) No amniotic invagination formed.

[Case 24.] Strongylocentrotus livid us. Runn-
strom, 1918 (26), p. 424, Taf. xiv, figs. 17a, b. Reared at

Monaco.

The left anterior coelom represented by a widened end of the

stone-canal, and a short wide pore-canal opening externally.

Hydrocoele provided with four lobes, but owing to the absence

of amniotic invagination its development was abnormal. One

of the primary tentacles gave out a small branch which corre-

sponds to one of the paired tentacles.

(c) Pore-canal and madreporic vesicle doubled.

[Case 25.] Strongylocentrotus lividus. Runn-
strom, 1918 (26), p. 419, Taf. xiii, fig. 11. Reared at Monaco.

Both axial sinuses beset each with a pore-canal opening to

the exterior by a dorsal pore. A pair of vesicular organs lying

each near the pore-canal of each side were identified without

doubt by the author as madreporic vesicles. The one on

the left side acquired later a communication with the left axial

sinus, while the other on the right side began to degenerate.
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III. Hydrocoele absent from both sides.

[Case 26.] Strongylocentrotus lividus. Runn-
strom, 1918 (26), ]). 424, Taf. xiv, fig. 18. Reared at Monaco.

Amniotic invagination failed to be formed on the left side
;

and, instead of it and at the place where the former should in

normal case be formed, a calcareous spine appeared.

[Case 27.] Echinus miliaris. MacBride, 1918 (15),

pp. 339-40, PI. vi, figs. 12-14 ; PI. x, figs. 22-3. Reared in

London.

Under this heading more than one specimen will bo described

together. Anterior coelom on neither side enlarged so as to

form an axial sinus. On nidther side was a hydrocoele

discovered, nor was there any vestige of a stone-canal or

a dorsal pore. Only in an exceptional case was there found

a dorsal pore. In one case a madreporic vesicle was seen and

figured (fig. 22). A group of pointed spines developed on each

side within the loop of the ciliated band and another spine

was found situated dorsal to this loop on both sides.

G. Considerations on the Organs and Structures

concerned and the factors concerned in their

Development.

(a) Anterior Coelom.—This is formed separately on

each side pinched off from the posterior coelom, the left one

being earlier in its formation than the right fellow (see

MacBride, 11, p. 298). Sometimes the two anterior coeloms

unite to form a single sac on the dorsal side of the larval

oesophagus (Cases 5, 7). The left one is connected with the

pore- and stone-canals and remains as a distinct sac, called the

axial sinus, while the right one normally remains as a simple

sac and very often degenerates later.

{h) Madreporic Vesicle.—This is a minute round sac

normally found a little on the left side lying close to the pore-

canal, and often is stated to exhibit a rhythmic pulsation.

MacBride (11, p. 299) discovered in Echinus esculentus

that this vesicle was derived from the right anterior coelom,
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at first as a solid thickened end of a string of cells given out

from the posterior end of this coelom. Later (16, pj), 261-2)

he confirmed this in Echinocar dium cor da turn, in

which species the vesicle in question is unusually large.

K u n n s t r om found a pair of madreporic vesicles in a larva of

Strongylocentrotus livid us (Case 25), and, moreover,

according to him, the one on the left side became later connected

with the axial sinus of the same side. Perhaps other instances

of the presence of a communication between the vesicle and
one of the axial sinuses (Cases B, 1, 2, 16) may also be due to

a secondary change. In the Case 2 the vesicle is seen later

again separated from the coelom. Often this vesicle is absent

(Cases 14, 20). v. Ubisch (30, p. 443) is of the opinion that

the madreporic vesicle was not possessed by the ancestor of

the sea-urchins, but that it represented the only remnant of the

degenerated right anterior coelom having assumed a new
but unknown function in the course of phylogenetic develop-

ment. And, further, according to him, when the right anterior

coelom made its unusual development the highly-differentiated

and functioning madreporic vesicle could not be affected

thereby and both of them existed side by side.

In the reversed and also in some double-hydrocoele larvae

(Cases 10, 11) the madreporic vesicle was found on the right

side, close to the right pore-canal. In the case where two such

vesicles are present (Case 25) the right one may be the homo-
logue of this. In neither case is its origin made clear. From
want of sufficient material and from our ignorance of its func-

tion any definite statement will be premature.

(c) Pore-canal and Dorsal Por e.— The primary dorsal

pore is formed from the left coelomic sac to communicate with

the exterior before the latter becomes divided into the anterior

and posterior coeloms. In the course of further development

of the larva the pore shifts from its original position on the left

side towards the mid-dorsal line. This shifting is preceded by the

formation of a transverse groove of the ectoderm. Probably

in connexion with this shifting process it is often the case that

the canal gets temporarily or permanently obliterated (Cases B,
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1, 2, 20, 22, 23). The cause is unknown to us ; still, I think

there is hardly any doubt as to its being due to artificial

conditions. Too large a number of diatoms or bacteria in the

vessel in which the larvae have been kept may cause this.

Shortly afterwards the pore and canal can regenerate (Cases B,

23) and the revived development of the whole water-vascular

system follows. In other instances no second pore was formed,

and degeneration of the system soon set in (Cases 1, 8, 10, 11).

The presence of the right pore-canal side by side with the

left is a constant and normal character in the larva of Mel lit a

pen tap or a (Grave, 9, p. 42 ; and also his former paper,

1902, p. 58). The same is not common in Echinus
ni i 1 i a. r i s ; still, it has been recorded by M a c B r i d e in

a larva which was otherwise quite normal (15, p. 339).

Although the presence of two pore-canals is a very common

occurrence among double-hydrocoele larvae (Cases 4, 6, 16,

17, 19, 20) it seems by no means to be a necessarily associated

feature. In starfish the occurrence of the double dorsal pore

has never been seen even among double-hydrocoele larvae

(Gemmill, 5, p. 230; 7, p. 31 ; 8, p. 62). To such an

important difference found between these two classes let us

return later (p. 142). According to Eunnstrom the forma-

tion of the dorsal pore and pore-canal seems to be a self-

differentiation (25, p. 301).

(d) S t o n e - c a n a 1.—This is the part which at first connected

the hydrocoele bud with the main body of the anterior coelom.

This canal is sometimes found doubled, being caused from

either its defective origin (Case 7) or abnormal regeneration

(Case B). When degeneration takes place, probably due to

the lack of communication wdth the exterior, it begins from

that end which is adjacent to the axial sinus (Cases 1, 8, 11).

(e) Hydrocoele.—It is a well-known fact that the right

coelomic sac has in normal larvae the potentiality of producing

a sac which is homologous with the left hydrocoele. Such

a special organ-forming substance seems to be located especially

at the place where the coelomic sac has to divide later into the

anterior and posterior coeloms. We see from MacBride's
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work on Ophiothrix fragilis (13, pp. 578, 586) that

this sac, homologous with the left hydrocoele, exhibits varying

degrees of development among normal larvae, and in a few

extreme cases it gives rise to a five-lobed hydrocoele (PL xxxvi,

fig. 54 ; compare further those double-hydrocoele Ophioplutei

described by Mil Her and Metschnikof f).

Whether this unusual development of the right hydrocoele

is to be regarded as a case of atavism or as another kind of

variation is a matter of choice. MacBride (14, pp. 240, 244)

is of opinion that the free-swimming ancestor of the Echino-

derm had a pair of hydrocoeles, equally developed on each

side, the right one has, however, become atrophied as soon as

the free-swimming habit was given up. The appearance in

some abnormal larvae of a right hydrocoele is an atavistic

feature. But, according to him, the appearance and further

completion of the associated structures, such as amniotic

invagination, set of spines and dental sacs, derived from the

ectoderm and mesoderm respectively cannot be accounted for

by atavism, because it is quite impossible to endow the

ancestor with such a double set of highly-developed spines and

Aristotle's lanterns. Therefore, he introduced the idea of the

internal secretion, in that the abnormally-developed right

hydrocoele must have given off some stimulating substances

which caused both ectoderm and a part of the posterior coelom

to respond, with the result that there appeared a second

set of spines and dental sacs. He further discussed this

theory in his second paper on the double hydrocoele (15,

pp. 341-5). Some months earlier than the first of these papers

Grave (9, p. 43) discussed the same idea and made the objec-

tion ' that such an explanation presupposes that the series of

structures in question was present and in some way related

in the normal development of the ancestral echinoderm,

a supposition for which there is no basis in observed fact '.

Now, we may find no great difficulty in assuming that such

stimulating power of the left hydrocoele has been acquired

since the disappearance of the right hydrocoele, as v. Ubisch
(30, p. 444) remarked in reply to Grave's objection. It
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is necessary, however, to introduce another supposition to

understand how the right hydrocoele in our abnormal case

acquired that power of stimulating other tissues, which power

was not possessed by the right hydrocoele of the ancestor.

In short, even if we accept the view that the Echinoderm

ancestor possessed a double hydrocoele, it seems to me that

the atavistic interpretation has to encounter with such a diffi-

culty as stated above.

The development of a right hychocoele to such an unusual

degree may then safely be regarded as a case of homoeotic

variation. The examples of this kind of variation given by

Bateson (2, pp. 721-35) should bi! classified at least into two

different groups. One group contains the cases characterized

by the appearance on one side of a wholly new structure,

which is quite unknown in the animal's phylogenetic history,

whereas a mirror-image of it is normally present on the other

side. Gem mill's 'primary' homoeosis (8, p. 71) seems to

be this. A tadpole of Pelobates fuscus with a second

spiracle on the right side is an example, and if K u n n s t r o m ' s

view is accepted the appearance by self-ditferentiation of an

anmiotic invagination on the right side of the sea-urchin larva

would be another. The second group comprises those cases

where, in obviously paired organs, one member, which is

normally vestigial, develops in certain circumstances to the

same degree as its fellow. A double-tusked narwahl is the

best illustration of this kind. Gemmill's term ' secondary
'

homoeosis perhaps denotes the same phenomenon. I feel

very doubtful whether the case of our double hydrocoele should

be placed under this latter category or under the first. The

paired origin of the front teeth in the narwahl is quite obvious,

while the presence of a pair of well-developed hydrocoeles in

the Echinoderm ancestor will not be accepted unanimously by

all zoologists.

I. do not believe that the development of a double hydrocoele

has ' resulted in a larval organization better adapted to the

conditions under which the existence of the pluteus is led ',

as Grave (9, p. 45) states in his discussion on the homoeosis.
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We need not explain the cause of homoeosis in this way only.

The chance by which the double hydrocoele is induced to

develop seems to be quite unusual, as I will try to show

presently. It is not at all a result of adaptation.

In his famous experiments on Alpheus, .Przibram
showed that if a large claw of this Crustacean is amputated

a small claw will appear at the spot, whilst the small claw

of the other side, which was not operated upon, will become

a large claw. This phenomenon he calls ' compensatory

hypertypy '. For more detailed information I refer to his

later paper (22). A similar but slightly different idea can be

applied in the case of double hydrocoeles. The right hydro-

coele might have arisen as a result of compensatory hypertypy

caused by the arrested state of development in the left hydro-

coele. The differences from the case with Alpheus are

that (a) the presence of a rudimentary right hydrocoele is not

a normal feature, but no doubt the right anterior coelom has

a potentiality of producing it, while the small claw of Alpheus
is present constantly and quite functional, and (b) the left

hydrocoele has not yet been fully developed but arrested in

its early stage of development, while the large claw of Alpheus
was removed after it had reached the full-grown state. With

these differences kept in mind we may use Przibram's
term in our case as well.

According to Eunnstrom (25, p. 305) the further dif-

ferentiation of the hydrocoele, left or right as the case may be,

depends largely on the formation of an amniotic invagination.

There was, however, an exceptional case (Case 24). Besides,

from lack of a corresponding amniotic invagination and from

obliteration of the dorsal pore, the hydrocoele and its associated

structures will degenerate from hunger (Runnstrom, 25,

p. 265 ; Mac Bride, 15, pp. 339, 340).

The presence of two hydrocoeles on one side was noticed by

Mac Bride (Case 21), and interpreted as being due to the

splitting of the hydrocoele bud. Another curious abnormality

was described by Runnstrom (Case 22). There are, accord-

ing to this observer, two possibilities as to the cause of such
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an isolated hydrocoelo : (a) it may have been separated from

the end of the stone-canal, or (b) the posterior coelom may have

given rise to it under the influence of the amniotic invagination.

From the absence of posterior coelom, though one appeared

afterwards, he thinks the latter more probable. In one of

Eunnstrom's larvae of inverse situs (Case B) we see

another extraordinary feature in the right hydrocoele (23,

p. 9 ; 26, p. 428). The hydrocoele was three-lobed, and close

to it there were two curious structures. One was a round

closed vesicle, the origin of which the author could not ascertain.

The other was an ectodermal groove running nearly parallel

to the stone-canal and lined with very actively-moving cilia.

This groove at last became separated from the ectoderm,

and together with the above-stated closed vesicle, united with

the hydrocoele, remaining as a larger lobe of the latter.

Eunnstrom is of the opinion that in those pathological cases

a hydrocoele or a part of it can be formed both from posterior

coelom and ectoderm.

(/) Amniotic Invagination.—This is formed some

days later than the appearance of the hydrocoele. It seems to

me highly probable that this structure is homologous with

the stomodaeal invagination of Holothurians. As early as

1906 Mac Bride (12, p. 615) pointed out that the larval

stomodaeum of Holothurians reminds one ' of the amniotic

cavity in the Echinopluteus '. This idea has since found another

support in the fact that in Cucumaria the stomodaeal

invagination is formed to the left of the mid-ventral line, as was

first discovered by Newth (20, p. 634, PI. i, fig. 6) and after-

wards confirmed by the WTiter (21, pp. 379, 384, PI. v, figs. 5

and 6). It is therefore quite improbable that the ancestral

Echinoid had a pair of amniotic invaginations. MacBride
(15, p. 343) never found in any single instance an amniotic

invagination formed where no hydrocoele existed, and con-

firmed his former view (14, pp. 240-1) that the undifferentiated

ectoderm can give rise to an amniotic invagination only under

the influence of the hydrocoele. Eunnstrom's view is

diametrically opposed to this. He has sho^ii us several
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instances where an ectodermal invagination was formed at

a place under which no hydrocoele had been developed

(Cases B, 22, 23, and also 25, p. 271), He further made experi-

ments to prove his view that the formation of the amniotic

invagination is a self-differentiation and is not formed from

stimulus of an underlying hydrocoele. He could produce a new
amniotic invagination in a larva of Echinus m i 1 i a r i s

from which the echinus-rudiment had been removed (27,

pp. 9-11). In another of his experiments an amniotic invagina-

tion was seen to appear in each of two pieces of a larva where

the normally-formed invagination had not been included
;

thus in this larva three amniotic invaginations in all were

formed (pp. 13-14). It may be mentioned that in all of his

cases the ectodermal invagination was very small and lined

with flat epithelial cells. In another place he states (25,

p. 302) that the invaginated ectoderm forms cylindrical cells

only at the place where the hydrocoele wall comes to be in

contact, while in the other part the cells remain flat. I myself

understand by the term amniotic or ' echinid ' invagination an

ectodermal pit whose epithelial cells are from its first appearance

high and cylindrical, even when fairly apart from the hydrocoele

(Text-figs. 2, D, and 3, c, am). In this sense I cannot help

doubting whether all of Runnstrom's structures deserve

the name amniotic invaginations. He admits that the further

development and differentiation of the amniotic invagination

is conditioned by the presence of a hydrocoele, and that

without it the former degenerates (25, p. 305). It is of interest

to see that he pointed out that the role of an amniotic invagina-

tion could be played, to a less extent, by other ectodermal

invaginations, such as that which he termed ' spine invagina-

tion ' (Case B). According to him, if there was no amniotic

invagination formed the stone-canal stopped developing when
it had reached its normal length, and later gradual degenera-

tion set in of the whole water-vascular system. But, as for

the larva in question, the ' spine invaginations ' were situated

further back than normally an amniotic invagination is

placed, and the stone-canal did not stop at the normal length.
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but continued to lengthen until the hydrocoele reached those

invaginations (26, p. 421), As to the nature of these invagina-

tions let us examine again (p. 138).

(g) Posterior Coelom and Genital Stolon.—The

anteriorly-prolonged end of the left posterior coelom shares

the formation of the echinus-rudiment (Mac Bride, 11,

pp. 304-5). This change takes place also on the right side in

abnormal larvae where a right hydrocoele developed. In the

normal case the genital stolon makes its appearance shortly

before metamorphosis from the wall of the left posterior

coelom (M a c B r i d e , 11, p. 809). How its right fellow behaves

in abnormal larvae is still an open question. Runnstrom
inclines to think that in two of his double-hydrocoele larvae

(Cases 1 and 2) a rudiment of genital stolon was formed from

the right posterior coelom. v. Ubisch (30, p. 445) concludes

that the doubleness is not extended to all organs as shown from

the fact that in his older double-hydrocoele larva (Case 3)

the genital stolon was seen formed only on the left side. This

conclusion cannot pass unchallenged because in this larva

the right echinus-rudiment was much less advanced than the

left, and also because the structure in question is not distinct

until the larva reaches the height of its growth.

(/() Pedicellariae.—In normal Echinus larvae there

appear a pair of pedicellariae on the right side, one being

dorsal to the loop of the ciliary band, the other ventral to the

same. In some imperfectly symmetrical double-hydrocoele

larvae one or both of them appear on the right side only

(Cases 6, 15, 18) or on both sides of the larva (Mac Bride,

15, p. 343). According to Runnstrom the reversed larvae

of Strongylocentrotus had pedicellariae appearing on

the left side (Cases A and B), and I am inchned to beheve that

it is also the case with our Echinus, though unfortunately

any positive evidence is lacking at present. In the complete

absence of hydrocoele from both sides no true pedicellariae

appear (Case 27). Thus the relation between the pedicellariae

and echinus-rudiment (or hydrocoele) is somewhat compli-

cated. Probably the echinus-rudiment calls forth the forma-
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tion of pedicellariae on the opposite side. It seems to me
that they are not inhibitory to each other on the same side,

because they can co-exist side by side. The fact, however,

that in most of the double-hydrocoele larvae the pedicellariae

are not formed may simply be due to lack of sufficient material,

or that the echinus-rudiment, being more vigorous in develop-

ment than the pedicellariae, wins the competition. M a c B r i d e

assumes that ' the influences emanating from a hydrocoele

not only tend to inhibit the formation of pedicellariae on the

same side but to determine their formation on the opposite

side of the larva ' (15, p. 343), and that the hydrocoele can

act as such even in its early stage. Thus, the fact that an
echinus-rudiment and a pedicellaria or two can co-exist on
the same side is explained by him in the following manner :

' If we assume that in these larvae the growth of both hydro-

coeles has been arrested at an early stage, but after the stage

at which the stimulus to form pedicellariae on the opposite

side had already gone forth from them, and that then, after

the formation of these organs on both sides had been deter-

mined, further nourishment became available and the left

hydrocoele developed further, the structure of such larvae

can be explained' (pp. 343-4). Kunnstrom's case that

some starved larvae, which had no hydrocoele, developed a pair

of pedicellariae (25, pp. 269-70, Text-figs. 33-5) is now very

difficult to understand. It is doubtful whether the hydrocoele

was really absent in those larvae.

(i) Spine.—The larva of Echinus miliaris produces,

when fairly grown, a rudiment of a spine at the hind end

a little towards the right from the median line. This gives

rise, as do some others which develop later, to a square-ended

spine on the future abactinal side. This rudiment is found

situated a little on the left side in reversed larvae (Text-fig. 1,

spj), and in most of the double-hydrocoele larvae, in an almost

median position. Such a different position of this spine is

undoubtedly correlated with the different behaviour of the

echinus-rudiment. Characteristic are the spines which develop

in the larvae devoid of hydrocoele (Case 27). As already
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stated there is a group of pointed spines and a solitary one on

each side of the larva. Runnstrom found such a spine

only on the left side (Case 26). I am much inclined to think

that from want of regulating influence of the hydrocoele the

rudiments of podicellariae were developed in an aberrant

way into some of those peculiar spines.

Runnstrom (27, pp. 21-2, figs. 21-3) discovered in the

normal larva of Echinus miliaris a pair of small ecto-

dermal invaginations formed inside the loop of the ciliary

band on the right side. In each of these invaginations 2-3

spines belong to the Basalia 3 and 5 are later formed. He called

the former ' spine invaginations '

(26, p. 420). Spines un-

doubtedly identical with these have been seen by me on the

left side of one of the reversed larvae (Text-fig. 1, spj. In

Strongylocentrotus livid us these structures do not

appear normally, still Runnstrom identified the pair of

pits found in an abnormal larva with them (Case B). These

may be an abnormal amniotic invagination divided into

two. His descriptions and figures (23, p. 8; 26, pp. 420-1,

Taf. xiv, fig. 13) are not quite satisfactory enough to sub-

stantiate his refusal to look on them as modified amniotic

invaginations.

(j) Gut .—We know really nothing about the change the

gut undergoes in accordance with the formation of the double

echinus-rudiment or situs inversus. Normally the definitive

stomodaeum appears at the centre of the floor of the epineural

space (MacBride, 11, p. 307), and the rudiment of the

oesophagus, as an outgrowth from the left wall of the stomach

meeting the stomodaeum, appears later (p. 310). The adult

mouth breaks through some days after metamorphosis, and the

anus is formed still later (pp. 311-12). Runnstrom (24,

pp. 544-52) found in the larvae developed from the eggs which

had been treated with potassium-free sea-water some asym-

metrical distortions in the larval stomach and formation of

a new oesophagus on the left. He interpreted the phenomenon

as the formation of the definitive oesophagus precociously

indicated. It is quite conceivable that in the course of the
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development of an echinus-rudiment, no matter on which side

of the larva it may lie, the hydrocoele, working together

with other ectodermal and mesodermal tissues, can induce

this new structure to appear and thus the actinal part of the

young sea-urchin be completed.

7. Probable Mechanism whereby Abnormalities are

produced.

From those observed facts above considered the following

conditions seem to concern the production of abnormalities

of the hydrocoele and its associated structures.

1. Obliteration of the pore-canal. This seems to be a cause

of the arrest of the further development of the water-vascular

system and then a quick degeneration of the whole system

follows.

2. Activation of the right anterior coelom of its latent poten-

tialities of producing a hydrocoele, to compensate the degenerat-

ing left hydrocoele.

3. Kegeneration of the pore-canal or fusion of the two axial

sinuses. Both afford the left hydrocoele a renewed com-

munication with the exterior, and the further development and
differentiation of the water-vascular system thereby take

place.

4. Development of a right amniotic invagination and the

peculiar change of the anterior prolongation of the right

posterior coelom. These changes seem to have been evoked

by the stimulus of the unusual right hydrocoele. These three

elements working together give rise to an echinus-rudiment.

From these data, if adequately combined, the following

changes are quite possible.

Let us start from a young normal larva, in which hydrocoele,

axial sinus, pore-canal, and dorsal pore are all formed on the

left side. An amniotic invagination may already be formed

on the left side. The right anterior coelom may have a pore-

canal.

Now, the dorsal pore of the left side becomes obliterated,

which fact is followed by the arrest of development and further

pro. 261
J,
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degeneration of the left water-vascular system. Two courses

are here open : A. The right anterior coelom begins its unusual

development to produce a right hydroco(fle, which acquires

communication with the exterior through a pore-canal.

B. The right anterior coelom does not become active either

from very weak disposition of the right anterior coelom or,

more probably, from want of sufficient nutrition. The result

is the total absence of hydrocoele from both sides.

The further fate of larvae in which the course of events has

been that indicated by A will be one of the following three :

1. Appearance of a new dorsal pore on the left side which

revives the power of the left hydrocoele to develop further.

If well fed the hydrocoele on each side will continue to develop

side by side so as to give rise to a double-hydrocoele larva.

2. Axial sinuses of both sides come in contact with each other

and then unite, thus making the left hydrocoele regain its

communication with the exterior and enabling it to develop

further. The result is also a double hj^drocoele.

3. No reappearance of a second dorsal pore nor fusion of the

axial sinuses takes place. The left water-vascular system will

then degenerate quickly, while the right one will develop like

the normal left. A larva with situs inversus is the

result.

In both the courses of events indicated by 1 and 2 the

following three conditions may possibly arise, according to the

different stages at which the right hydrocoele had arrived,

when the recovery of the left hydrocoele took place :

(a) The recovery of the left hydrocoele takes place before the

right hydrocoele attains a size equal to the left. The period

during which the hydrocoele is deprived of communication

with the exterior is very short. Under such a condition the

result is a larva whose left hydrocoele or echinus-rudiment is

larger or more advanced than that of the right side. This is

very frequently met with among double-lwdrocoele larvae.

(h) The left hydrocoele recovers at the time when the right

one attained a size about equal to it. The larva developed

under such a condition has two hydrocoeles or echinus-rudiments



SITUS INVERSUS IN ECHINOIDS 141

equal in size. Such a case is less frequently met with than the
former.

(c) The left hydrocoele recovers late when the right one is

in a more advanced state than it. The period during which
the hydrocoele is deprived of communication with the exterior

is here very long. The result is that the larva has the left

hydrocoele or echinus-rudiment smaller than the right.

Usually the hydrocoele and its associated structures cannot
remain unchanged for so long a time after being deprived of

its external communication. This case is therefore met with
very rarely.

The above may not be the only ways of reaching the respec-

tive results, but probably are the commonest. Many modifica-
tions are naturally conceivable : for instance, the right dorsal

pore may be obliterated in its turn, which causes the degenera-
tion of the whole water-vascular system of the right side and
thus a normal larva will result secondarily (see Case 8).

Let us now compare this interpretation of the occurrence of

the inverse situs in Echinus larvae with Spemann's
case of Triton larvae (29, p. 407). Though equally caused
by a ' defective ' development of a single organ—alimentary
canal in Triton and hydrocoele in Echinus—further
results in which the other organs become affected are different

in these two cases. Instead of d i s p 1 a c em e n t of other adjoin-
ing organs, the arrest in development of the left hydrocoele
causes a new hydrocoele to appear on the other side and also

a new set of associated structures as a consequence. The
normal left hydrocoele can, if it regains its opportunity of

further development, produce another echinus-rudiment, so
as to give rise to a douljle-hydrocoele larva. Any parallel of

such a feature is very improbable in Triton larvae.

There is no reason to expect that the above is equally
apphcable to the formation of double hydrocoele of other
classes of Echinoderms. Conditions may be totally different.

Let us, for instance, take the case of the double-hydrocoele
larvae of starfishes. Normally in most species of starfishes

the paired coelomic vesicles grow forwards, and their anterior

J^3
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ends meet and unite in front of the larval mouth. The presence

of two dorsal pores is very common, but the right one gradually

atrophies (Gem mi 11, 5, p. 281), and still the right coelomic

vesicle retains its communication with the exterior through

the. left dorsal pore. The hydrocoele becomes later differen-

tiated from the middle portion of the spacious left coelomic

sac. In the case of the double hydrocoele the right one is

likewise formed from the middle portion of the right coelomic

sac. Among the double-hydrocoele larvae of Porania
pul villus and Asterias rubens Gemmill found no

case of the presence of double dorsal pores, in all instances

the left pore only being present (5, p. 230 ; 7, p. 43 ; 8, pp. 62,

69). Thus it is evident that the obliteration of a dorsal pore

has hardly any influence on the further development of the

hydrocoele on the same side. Under such a different con-

dition I suppose that the occurrence among starfish larvae

of the situs inversus as we find in Echinoid larvae will be

extremely unusual. Gemmill tried to explain the cause

of the double hydrocoele chiefly by the supposition that, owing

to the over-fed condition of the larva, its stomach becomes

expanded and globular, so that the ventral horn of the left

posterior coelom tends to fail to unite with the right middle

coelomic region. The latter region, being thus left isolated

from the posterior coeloms, produces a right hydrocoele

(5, p. 244 ; 8, pp. 54-5). This interpretation in its turn cannot

hold true in the case of those double-hydrocoele Echinoid and

Ophiuroid larvae, in which no such extension of the left

posterior coelom takes place normally (Mac Bride, 15,

p. 326). The discovery by MacBride (10, pp. 368-70) of

a double-hydrocoele larva in Asterina gibbosa, in

which species the egg is heavily laden with yolk, is a serious

objection to the hypothesis of excessive food. One feature is,

however, certainly common in the double-hydrocoele larvae

of the three different classes : namely, the temporary arrest

in the development of the left hydrocoele in some way or other

in an early stage. And this occurs more frequently under

artificial conditions than in nature.
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With regard to the occurrence of the reversed Auriculariae,

as discovered by Miiller (19, pp. 101, 109, Taf. v, fig. 1),

the attempt to interpret the phenomenon by virtue of the

compensatory hypertypy is nearly hopeless. It is a widely-

accepted fact that in Holothurians the right anterior coelom

does not exist at any stage throughout life, whilst the hydro-

coele is differentiated even before the coelomic sac divides

into right and left halves (posterior coeloms). It is not easy

to imagine that the right posterior coelom could ever produce

a hydrocoele, when the normal hydrocoele happened to be

arrested in its development. If this cannot be the case we
must regard it as a result either of the change of polarity in the

egg (according to Conklin, 3) or of twin formation (of

Spemann's sense, 29).

8. External Factors as Causes of Abnormalities.

From series of his experiments MacBride (15) came to

the conclusion that the chief cause producing double-hydrocoele

larvae of Echinus was the increased salinity of the water

used for culture. Unfortunately, as I have pointed out in

a foregoing page (p. 114), the result of our experiments of this

year was quite different from our expectations. As shown in

the table the number of double-hydrocoele larvae was greater

in ' controls ' than in ' treated ', i. e. 2 per cent, and 0-8 per

cent, respectively. As the double hydrocoele and situs inversus

start, I believe, under the same condition, the figures of

reversed larvae may also be used in this connexion. The
occurrence of the reversed larvae was practically equal in both
' controls ' and ' treated ', i.e. 10-7 per cent, and 11-2 per cent.,

the difference being within the range of probable error.

Let us now turn to examine whether artificial synthetic

sea-water had anything to do with the production of abnor-

malities. Culture 11 came into contact with the synthetic

sea-water when the larvae were four days old, Culture 1 when
twelve days old, and Culture 6 when fourteen days old. They
were examined and counted seventy-two, six, and three days

afterwards respectively. Though it is unsafe to draw any
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decided conclusion from such few cases and numbers one

can hardly see any effect of the synthetic sea-water on the

production of doubles or reversed if allowed to act earlier in

one culture than in others.

One might reasonably expect that the artificial treatment of

tlui egg and sperm might have caused some disturbance from

the normal development of the larva. This is of course quite

possible, but I may only mention that it is curious to see that

among such material as the sea-urchin egg so connnonly used

for study and demonstration in embryological work only

a very few cases of the abnormalities in question have been

noticed.

One of the most important factors which differ more or less

from the conditions in nature is the food supply. The method

of feeding marine larvae on diatom cultures, through which

many different forms of pelagic larvae have been successfully

reared, is relatively a recent introduction. The result is very

often over-feeding. In an over-fed larva hypertrophy and

other disturbances in growth is quite conceivable. From

uneven distribution of food in the culture jar and fi'om a

different state in the health of larvae, over-fed and under-fed

individuals may arise within one and the same jar. The

obliteration of the normally-formed left dorsal pore, w^hich

seems to me a direct cause of the production of the double

hydrocoele and situs inversus of the Echinus larvae, may
be associated with the excess of diatoms and other minute

organisms in the jar. Whether it is physiological or mechanical

it is hard to decide at present.

Eunnstrom (25, pp. 321-2) found that the larvae of

Strongylocentrotus showed the degeneration of organs

when over-fed on yolk. The echinus-rudiment was above all

the most sensitive to the treatment and degenerated com-

pletely. Undigested yolk granules were found migrating

everywhere, even scleroblasts were laden with them and the

absorption of calcareous bodies followed. The effect of over-

feeding on diatoms will naturally be very different from this.

Though somewhat difficult to control (MacBride, 15
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p. 338) it is desirable to experiment on the effect of different

amounts of diatom-food upon the development of the larval

organs.

The effects of hunger were observed both by E u n n s t r om
(25, pp. 254-321) and Mac Bride (15, pp. 339-40). The

difference between the results of these two observers is remark-

able. In every instance of E u n n s t r om ' s larvae showed

extreme degeneration of skeletons, while in MacBride's
case the larval arms were almost normal, owing to the well-

developed state of the skeletons, but the hydrocoele degenerated

and peculiar spines formed. Besides the differences in degree

and duration of hunger, the stage at which the larvae were

treated, &c., there must be still other complicated factors

which caused such different results. For those starved larvae

bacterial infection is no doubt another important cause of

abnormal development (25, pp. 273-4). Grave (9, p. 36)

remarked that among the larvae of Mellita only those

well fed developed the echinus-rudiment.

As to the effect of other chemical and physical environments

upon the development of the sea-urchin larvae we have those

valuable results obtained by Vernon, Tennent, and

others. But we know hardly anything with regard to the

changes of coelomic vesicles and hydrocoele treated specially.

9. Summary and Conclusion.

1. Under artificial conditions more than 10 per cent, of the

larvae of Echinus miliar is exhibited the situs inversus.

2. So far as I could examine, the internal as well as external

structures of such abnormal larvae were mirror-images of

those of the normal larva.

3. The young sea-urchins metamorphosed from such inverse

larvae showed no abnormal features externally.

4. The manner in which such abnormal larvae departed

from the normal development seems to be analogous to that

in the case of ' compensatory hypertypy ' in the claws of

Alpheus.
6. In an early stage of the normally-developing larva it
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happens sometimes that the left dorsal pore becomes obliterated.

This seems to be associated with the shifting of the pore towards

the mid-dorsal line. The hydrocoele, thus deprived of its

communication with the exterior, ceases to develop and then

degeneration of the whole water-vascular system sets in.

6. The right anterior coelom, on the other hand, is now evoked

to realize its latent potentiality of producing a hydrocoele

(homoeosis). The degenerating left hydrocoele gives place to

a newly-appearing right hydrocoele.

7. The right hydrocoele stimulates its adjoining tissues to

give rise together to an echinus-rudiment.

8. The external factor or factors which cause the obliteration

of the dorsal pore could not be found. This probably is con-

nected with the presence of too much diatom-food and other

micro-organisms in the culture jar.

9. If a new dorsal pore is formed on the left side before the

degeneration of the left hydrocoele sets in, the developing

power of the latter will thereby be revived. If sufficiently fed

a double-hydrocoele larva will result under such a condition.

10. If, while the left hydrocoele is arrested in its develop-

ment and then degenerates, the right anterior coelom fails to

develop a new hydrocoele presumably from want of sufficient

food, a larva devoid of hydrocoele will result.

Zoological Department,

Imperial College of Science and Technology, London.

December 16, 1920.
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Note by Professor E. W. MacBride on Mr. Hiroshi Oh-

shima's Paper on 'The Occurrence of Situs Inver-
sus AMONG artificially-reared EchinoidLarvae'.

The most interesting paper by my friend and pupil Dr. Oli-

shima, which appears in this number of the ' Quarterly Journal

of Microscopical Science ', calls for some comment from me.

Dr. Ohshima refers to a paper published by me in the ' Proceed-

ings of the Eoyal Society ' in which I described a method for

inducing the formation of a second (right) hydrocoele in

Echinoid larvae by stimulating the larva at a critical period

of its growth by exposure to hypertonic sea-water.

Dr. Ohshima states that an attempt which he made to repeat

this experiment in my laboratory in 1920 resulted in failure.

Nevertheless certain larvae with two hydrocoeles turned up, and

he gives a different explanation of the cause for their appear-

ance. I am convinced that the explanation which Dr. Oh-

shima gives is the right one to account for the phenomena

which he observed in 1920 ; but I wish to emphasize the fact

that his and my explanations agree in one most important

particular, viz. we both feel convinced that the right anterior

coelom of an Echinoid larva has the innate constitutional power

of developing a right hydrocoele. This power I account for

on the hypothesis that Echinoderms are derived from a free-

swimming ancestor provided with sets of tentacles on the right

and left sides of the body. Dr. Ohshima's explanation is

that it is a case of ' homoeosis ', but to use this term of

Dr. Bateson seems to me to be merely restating the difficulty

in other language without offering any explanation at all.

The fact that when the right hydrocoele does appear it

appears in similar form to that exhibited by the left, and not

in the condition in which the original right hydrocoele must

have been when it was functional, is in my judgement to be

accounted for by the assumption that the modifications

which the left hydrocoele subsequently underwent have been

pushed backwards in development according to the principle

of tachygenesis till they now affect the earliest differentiated
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organ-forming substance out of which the hydrocoele arises

—

and that this organ-forming substance gives rise to

both hydrocoeles.
The results which I obtained in 1917 I was able to obtain

under precisely similar conditions in 1919. Dr. Ohshima's

failure to obtain them in 1920 may, I think, be attributed to

several causes. I stated that for success several conditions

were necessary, one of which was a vigorous culture of the

diatom Nitzschia. For some unknown reason this was exces-

sively difficult to obtain in 1920. Again and again our cultures

died off and the larvae were checked in their development.

Dr. Ohshima obtained a few ' doubles ' both in the control and

the ' treated ' culture which were started in May, and a few more

doubles in the control culture started in June. But the May
cultures were not obtained from satisfactory females : they

were obtained from masses of eggs in which only a small pro-

portion developed, and they could not be described as vigorous

cultures or likely to show a proper reaction to stimulation.

The June cultures were vigorous, but, owing to the failure of

the Nitzschia culture, the ' treated ' culture died off com-

pletely, and the ' control ' culture was for weeks in a condition

of checked and stunted growth and only recovered later when

the Nitzschia finally re-established itself. In a word Dr. Ohshima

obtained his specimens with a right hydrocoele through the

checking of the growth of the normal left one by starvation,

whilst I obtained mine in 1917 and 1919 by stimulating the

larvae in their early growth by the action of hypertonic sea-

water. E. W. MacBride.
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1. Introduction.

DicTYOKiNBSis, or clivision of the Golgi bodies during cell

division, has recently been worked out by Professor J. Bronte

Gatenby and the present writer in the male germ-cells of several

animals (5). It was found that the distribution of the Golgi

elements, or dictyosomes, to both halves of a dividing cell was

a very haphazard process and was unaccompanied by any

splitting of the dictyosomes such as occurs in the case of the

chromosomes. In the cricket Stenobothrus, the dictyosomes

1 Part of the materials used in this research was purchased by a Govern-

ment Grant of the Royal Society, for which I express my thanks.
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become scattered in the cytoplasm of the spermatogonium

before cell division takes place, and they remain in this condi-

tion during meiosis, so that approximately a half become

contained within each of the newly-formed cells. A diffc^ront

process, however, occurs in the Mammals, Mus and Cavia,

and in the Molluscs, Helix and Limnaea. The Golgi bodies

in the spermatogonia of these types consist of a number of

dictyosomes arranged around the archoplasm, inside which

is the centrosome. As this latter organ divides, preparatory

to the formation of the spindle, its two constituent parts

separate and carry with them to both ends of the cell, approxi-

mately half of the archoplasm, still with the dictyosomes

attached. During late prophase, the dictyosomes become

temporarily detached from the archoplasm and scattered

throughout the cell, and then at the late telophase they collect

together again around the archoplasm.

The examples of dictyokinesis described in our previous

paper were those which occurred concurrently with meiotic

nuclear division. Professor Gatenby suggested to me the

desirability of investigating the behaviour of the Golgi body

during amitotic nuclear division, and in the present paper is

described the behaviour of the apparatus during amitosis in

the follicle cells of the ovary of the beetle, D y t i s c u s m a r -

g i n a 1 i s

.

2. Previous Work.

Deinecka (1) has described dictyokinesis in the dividing

epithelial cells of Descemet's membrane and comiective-tissue

cells of the cornea, during both mitotic and amitotic nuclear

division. He found that the Golgi body surrounded the

archoplasm, and during mitosis divided into two parts so

that each daughter-cell received a ' Netzapparat ', as he calls

it, but that in amitosis there is no division of the centrosome

and no change in the Golgi body. These observations are

quoted by Macklin (8) in support of his own conclusions

derived from a study of nuclear division in cells of tissue

cultures of the heart of the embryo chick, that amitosis involved
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merely division of the nucleus, and not of the cytoplasm. He
observed that binucleate and polynucleate cells were formed

as the result of amitotic nuclear division. During such division

the centrosome and archoplasm remained unchanged. The

archoplasm could be seen in the living cell, but not the centro-

some ; but the latter was to be seen in fixed preparations

stained with iron haematoxylin as two small black bodies

embedded in the archoplasm. Mitochondria were visible in

the living cells, but not the Golgi body.

Mackhn's observations are of special interest in that they

substantiate materially the evidence that has been accumu-

lated against the view upheld by writers such as Meves (9),

that mitosis can occur in an amitotically-formed nucleus.

Binucleate cells were observed by Macklin to undergo mitosis,

but in this process the nuclei which had been formed by

amitotic division came together and their chromatin masses

fused to form the chromosomes which underwent the usual

stages of mitotic division. It is therefore concluded that

amitosis does not imply division of the cytoplasm but only

fission of the nucleus.

3. The Golgi Body duking Amitosis in the Follicle

Cells of the Ovary of Dytiscus.

In common with most insects Dytiscus has an ovary laterally

disposed on either side of the abdomen. Each ovary is com-

posed of a number of tubules containing a single row of oocytes

in all stages of -development, the most mature being at the

distal end. The oocytes are surrounded by the follicle cells,

and between each oocyte is a group of nurse or nutritive cells

whose function is to provide nourishment for the developing

oocytes. At the proximal end of the ovuliferous tubules is

a mass of undifferentiated cells from which arise three types

of cells, viz. oocytes, nutritive cells representing modified

oocytes, and the follicle cells in which the behaviour of the

Golgi body during amitosis was studied.

It was found rather difficult to impregnate the body in the

follicle cells of insects. After a number of unsuccessful attempts
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the best results were obtained by adopting Cajal's method (4)

with shghtly longer fixation than he describes. Ovaries of

Dytiscus were fixed for about eight hours in Cajal's standard

fixative, and after rapid washing in distilled water were left

in silver nitrate solution for three days. Prepared slides were

stained by safranin or carmine. The Golgi body then appears

as a number of black granules in a pink-coloured cytoplasm,

the mitochondria when visible are usually brown in colour,

and the nucleoli of the cells are red.

Text-figs. 1-4.

t3|-.,.^#-f ^

1

Follicle cells of the ovary of Dytiscus margin a lis. The
upper cell-wall is in each case in contact with the oocyte wall.

ge, elements of the Golgi body (Dictyosomes) ; in, mitochondria
;

n, nuclear membrane ; 7il, nucleolus (plasmosome).

In the text-figures are shown the various stages of amitosis.

At fig. 1 is seen the so-called ' resting stage ' of the cell. It

will be observed that there is a single nucleolus within the

nucleus, and scattered through the cytoplasm are the darkly-

impregnated elements of the Golgi body, while the mito-

chondria are more or less evenly distributed in the cell. In the

stage shown in fig. 2 the nucleus has elongated and the nucleolus

is dividing into two. The Golgi elements still remain scattered

in the cytoplasm, but it will be noticed they show a tendency

to lie near the nuclear membrane—a tendency which is apparent

in the other figures. At a later stage, as shown in fig. 3, the
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two parts of the nucleolus have separated and the nucleus is

greatly constricted, but the dictyosomes are still irregularly

scattered : while in the cell shown in fig. 4, when the two

parts of the nucleus are completely separated, the dictyosomes

are still irregularly disposed around them.

It will be noticed that the nucleolus appears to play quite

an important part in this process : its division seeming to

initiate the division of the nucleus. This process has been

verified by observations on material prepared by fixation in

corrosive acetic and Bouin, and stained with Mann's methyl

blue eosin (7). In such preparations the nucleolus stains

oxyphil, and is apparently of the nature of a plasmosome.

Its appearance is the same in both kinds of preparations.

This type of amitosis, originally described by Eemak, in which

the nucleolus appears to play an important part, has been

found by recent workers to be exceptional rather than typical,

and Macklin, observing amitosis in living cells, says ' the

division of the nucleolus has no direct relationship to nuclear

division. It may, however, have to do with the size of the

nuclear portions '
(8).

The extent to which the dictyosomes are distributed in the

resting follicle cell is subject to variation. In some cases,

evidently owing to the large size of the nucleus in comparison

with the width of the cell, the elements of the apparatus are

crowded together towards its outer wall and appear in rare

cases to be attached to an archoplasm ; but this does not occur

when the cell is dividing amitotically, and in no case has the

separation of two distinct groups of dictyosomes, as occurs in

mitosis, been observed.

4. Discussion.

Gatenby has suggested (3) that the scattering of the Golgi

elements during oogenesis is a means whereby it is able to

exert a maximum formative influence upon the cytoplasm,

as well as prepare for even distribution in the cells of the seg-

menting ovum. In a previous paper (6) I have described

how the dispersing dictyosomes influence the formation of

NO. 261 M
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yolk in the oocyte of the Mollusc Patella. It would seem

possible, therefore, that the spreading out of the apparatus

in the follicle cells of an insect might be related to the high

degree of metabolism existing in such cells.

Chun, quoted by Nakahara, regarded the division of the

nucleus in amitosis as a means of increasing the nuclear surface

as an aid to metabolic interchange between nucleus and

cytoplasm ; while Flemming pointed out that amitosis was

especially associated with intense secretive and assimilatory

activity, but he considers such cells as being on the way to

degeneration (2). Eecent work has shown that fragmentation

of the nucleus does occur in pathological growths, in cells

subject to faulty nutritive conditions, and in tissue cultures

which have been left unattended for some time. Such frag-

mentation is regarded by Macklin (8) as an altogether different

phenomenon from amitosis, but in the past there is no doubt

that there has been confusion between the two.

Nakahara, who has made an investigation into the subject

of amitosis in adipose cells of insects and an extensive survey

of the literature of the subject, concluded that ' amitosis,

occurring in secreting or reserve forming cells and in other

cells of similar activity, may be for the purpose of securing

an increase of the nuclear sm'face to meet the physiological

necessity due to the active metabolic interchanges between the

nucleus and cytoplasm. Apparently it is not a method of cell

multiplication nor a sign of degeneration or senescence of cells,

but, whenever it occurs, it seems to indicate an intense activity

in the vegetative functions of the cell ' (11). It is altogether

in accordance with om- present knowledge of the Golgi apparatus

to assume that in such cells, as for example the follicle cells of

insects' ovaries, the dictyosomes scattered in the cytoplasm

would play a by no means unimportant part in the lipoid

metabolism.

In conclusion, I have to acknowledge my indebtedness to

Professor J. Bronte Gatenby, of Trinity College, Dubhn, for

his kindness in reading through the manuscript of this

paper.
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5. Conclusion.

We may now recognize the following modes of behaviour

of the Golgi bodies during nuclear division

:

(1) During karyokinesis the Golgi bodies may either,

(a) remain scattered in the cytoplasm and be approxi-

mately shared out amongst the two newly-forming

cells, e. g. male germ-cells of Stenobothrus (5) ;

(h) divide into two masses surrounding the separating

centrosomes and thus pass into each cell, e. g. (i) during

meiosis in the male germ-cells of the Molluscs, Helix

and Limnaea, and the Mammals, Mus and Cavia (5) ;

(ii) during mitosis in the epithehal cells of Descemet's

membrane and connective-tissue cells of the cornea (1).

(2) During amitosis either they

(a) remain as a number of elements or dictyosomes arranged

around the archoplasm, e. g. in mammalian epithelium

(1), or they

{h) become irregularly scattered throughout the cytoplasm,

as described in this paper in the folhcle cells of insects'

ovaries.

It is suggested that these differences are related to different

conditions of metabolism existing in cells exhibiting these

phenomena.
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some species of the genus and the general tendency in the group

to show a transition from a marine to a fresh-water hahit render

them a peculiarly interesting group and worth an intensive

study. In the last place the recent discovery of Partheno-

genesis in Paludestrina jenkinsi (Boycott, 4) makes

a closer study of the kindred species necessary.

Our knowledge of the European Paludestrinidae includes

good accounts of the anatomy and histology of Bythinella
dunkeri (Bregenzer, 6) and Vitrella quenstedtii
(Seibold, 20), and more incomplete descriptions of part of the

anatomy of P . u 1 v a e (Henking, 10) and P . jenkinsi
(Eobson, 16). In spite of this amount of work a good deal

remains to be cleared up as to the structure of these animals.

The material employed was obtained from tidal ditches at

Leigh-on-Sea, Essex. It was fixed in Bouin's solution after

the shell had been carefully cracked away so as to expose the

columella. Eeconstruction models of various organs were

made. A rapid method, which may be capable of improve-

ment, was devised, in which the usual plates were made up of

modelling-clay mixed with varying proportions of glycerine

and water and rolled out on pieces of thin paper. This mixture

can be graded to give a harder medium than Plasticine, and

is therefore more suited to making models of such parts as

contain delicate ducts, nerves, &c. The paper, if cut larger

than the plate, allows of rapid handling and can be cut away
after the plate is in position. The surfaces and edges of the

plates can be easily painted with water-colom-s.

The author is indebted to the late Dr. W. G. Eidewood for

suggestions as to reconstruction models, and to Professor Paul

Pelseneer for information upon the general morphology of the

Taenioglossa.

2. Structure.

1. The Alimentary System.

The oral cavity (Text-fig. 1) is usually deep and narrow.

Ventrally it exhibits a pair of lateral diverticula which are

sometimes forked. In general it agrees with that of other
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members of the genus. It is lined by a cuticle which is fairly

thin ventrally, but becomes thicker dorsally. This cuticle is

secreted by a columnar epithelium which is continuous with

that of the lips and adjacent parts. Each cell of this epithelium

contains an elongate, deeply-staining mass of secretion which

occupies the major portion of the cell and usually obscures

the nucleus. These secretion-masses are especially well

developed where the cuticle is deepest ; and in these areas the

Text-mg. 1.

Transverse section through the mouth, c, cuticle ; m, mandibles

;

se, secretory epithelium.

whole epithelium is characterized by a mass of extra-cellular

pigment in the shape of very small, subcircular granules.

In the upper portion of the mouth is found a pair of man-

dibles. These consist of a number (minimum 13, maximum 20)

of columnar pieces of specialized cuticle, each secreted by

a single cell of the basement epithelium, as Seibold found in

Vitrella (20). That the secretion-masses are intimately con-

cerned in the formation of these is shown by the fact that

plates are often continuous with the former. The mandibular

plates stain very sharply with eosin, the rest of the cuticle

being more or less unaffected by the stain. There is sometimes

present, in addition to the mandibles, a specialized piece of
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cuticle just below the mandibles on each side. There is also

usually a median dorsal projection, dagger-shaped in transverse

section. This also stains sharply with eosin, but less intensely

than the mandibles.

Behind this projection are to be found at about the same

level in the mouth on either side two glandular patches of

unknown function which run backwards to the origin of the

salivary ducts.

Posteriorly to the mandibles the mouth expands laterally

and is flattened dorso-ventrally over the lingual cartilages.

Text-fig, 2.

P. ventrosa. Transverse section through buccal bulb, c, oral

cartilage ; cm, circular muscles ; lin, longitudinal muscles

;

hm, basal membrane of radula ; r, radula ; sg. salivary gland.

In this area it shows in transverse section three main divisions

—

a median, unpaired cavity with a thin roof, dorso-lateral

expansions with ciliated and glandular walls into which the

salivary ducts open, and ventro-lateral expansions which dip

down beside the cartilages. These- have a cuticular lining.

The ciha of the dorso-lateral cavities no doubt serve to circulate

the saliva. In P. ulvae Henkiug considers their function

consists in driving the food particles backwards. In V i t r e 1 1 a

and Bythinella the cilia are continued on to the roof of

the median portion.

The lingual cartilages (Text-fig. 2) correspond to

those found in other genera of the family, and in general to the
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excellent description given by Bregenzer for B y t h i n e 1 1 a

.

They are two somewhat piriform bodies, united dorsally and

in the median line. They are rather flattened dorso-ventrally.

Posteriorly they diverge somewhat. Bregenzer states that in

Bythinella they are each divided into a ' Haupt-Knorpel ' and

a ' Knorpelspange ', and regards the difference between

Paludestrina and Bythinella in this respect as of taxo-

nomic value. Certainly no such division is apparent in Palu-

destrina ulvae and ventrosa. Lateral expansions

(' Fltigel ') observed in Bythinella occur in P . ventrosa
as well.

The tissue of the cartilages is composed of irregular polygonal

cells with relatively small nuclei and a large amount of granular

pigment.

It should be noted that Eougemont (18) states that in

Hydrobia sp. the cartilages are capable of movement upon

each other, if pressed downwards. In Paludestrina, Vitrella,

and Bythinella, this is, of course, quite possible ; as they

are no doubt very elastic and have a certain amount of ' play
'

on each other.

The radula has been described and figured by Woodward

(24).

The salivary glands are two in number. In P. ulvae
Henking describes two pairs with separate openings. Those

of P. ventrosa appear to correspond with Henking's first

(larger) pair. They run as far back as do the second pair

of P. ulvae and sometimes cross over in a similar

fashion.

The lateral diverticula of the pharynx disappear posteriorly,

and the oesophagus develops a fresh series of diverticula in the

form of deep longitudinal furrows. Behind the cerebral com-

missure the oesophagus in most cases shows a tripartite arrange-

ment as in B y t h i n e 1 1 a . It is ciliated almost up to its distal

extremity. The stomach (Text-fig. 3) is an irregularly-

shaped organ with a forked appearance exteriorly due to the

fact that the intestine and style-sac leave the stomach parallel

to each other from its anterior end. The oesophagus and
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hepatic duct open into the stomach at its upper (posterior)

end. The pyloric part of the intestine and the style sac are

in open communication with each other, as in P. jenkinsi
(Eobson, 16), by means of a longitudinal slit for a considerable

way. Bregenzer does not refer to this as occurring in

Text-fig. 3.

Diagrammatic reconstruction of stomach to show relationship of

crystalline style sac. p, pylorus ; i, intestine ; st, style sac ;

I, hepatic duct ; o, oesophagus.

Bythinella. No mention is made by Seibold of a style

sac in V i t r e 1 1 a , and, as his account is painstaking and

thorough, we have to assume that the sac is absent. This is

a very curious fact and one to which we shall return later. The

oesophagus and hepatic duct open into the stomach fairly

closely together. In this region the stomach epithelium is

ciliated, the ciliated area being continued dowTiwards and
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forwards into the pylorus. On the side of the stomach opposite

to the oesophageal and hepatic apertures the epithelium

gives rise to a dense cuticle which occupies the major part of

the posterior part of the stomach but diminishes anteriorly.

Vitrei la and Bythinella apparently differ conspicu-

ously in the lining of the stomach. In the latter form only

a small part of the stomach is ciliated, while the contrary is

true of Vitrella. P. ventrosa is more or less inter-

mediate between the two in this respect.

The base of the epithelium which secretes the cuticle is, as

in the case of the oral cuticle, rendered conspicuous by a layer

of densely-staining granules. The stomach is crossed by

numerous ridges of which the most constant and most conspicu-

ous is a large and strongly-developed one lying transversely

in the cavity above the hepatic duct. Grooves with specialized

cuticle are found in the neighbourhood of the latter.

The style sac is blunt externally and rather thimble-shaped.

In transverse section it is circular and exhibits on the side

towards the pylorus a groove of characteristic structure. The

latter corresponds in its histological features to the similar

structure in Bythinella. Bregenzer has offered no explana-

tion of the function of this groove. Unfortunately the structure

and relationship of the style itself caimot be demonstrated in

fixed material. I am under the impression, however, that,

in the living animal, the style is not loose in its sac but attached.

If that is the case it may be secreted in the groove.

The rest of the sac is simple, being composed of a thick

ciliated epithelium. The cilia are very dense and much longer

than the cells.

No one familiar with the recent work on the style sac in

Lamellibranchia can fail to be struck with the similarity

between the structure here described and that figured by Nelson

(14) for Lampsilis anodontoides. In both forms the

pyloric part of the intestine communicates by a narrow slit

with the style sac, the walls of which are composed of a single

layer of columnar ciliated cells. In Lampsilis the resem-

blance to Paludestrina is still more emphasized by the
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presence of a large mass of deeply-staining cells near the slit.

In several figures given by Nelson and Edmondson (7) we find

a lateral groove like that of Bythinella and Paludes-
t r i n a . The similarity between the crystalline style of Gastro-

pods and Lamelhbranchs has been commented upon by various

authors, and a short discussion may be found in Moore (12).

The pylorus is ciliated and passes gradually into the

intestine proper. This follows the usual course. It is ciliated

almost to its extremity; a well-marked typhlosole is

found extending for some distance down the intestine. This

is apparently absent in Vitrella and Bythinella.
The hepato-pancreas occupies the apical whorls as

usual, and consists of branching finger-like processes. The

duct is very short and fairly wide. No definite differentiation

of the liver-cells into granular- and ferment-cells with different

staining and contents could be made out. Vacuoles with

inclusions are seen in the plasma of the liver-cells.

The rectum, when viewed transversely, exhibits a number

of longitudinal folds. It runs forward in the roof of the

pallial cavity projecting from the latter and ultimately becomes

free for a short distance.

2. The Nervous System (Text-fig. 4).

The only description of the nervous system of Paludes-
trina is that of Henking, which is insufficient and leaves

a good deal to be desired.

The cerebral ganglia of P. ventrosa are long and rather

pointed anteriorly. The cerebro-pedal commissure is normal

though very short. The buccal commissure calls for some

comment as it is extremely short and thus unlike the elongate

form found in this and allied families. The buccal ganglia

are closely applied to the anterior end of the cerebral gangha.

In one or two cases very short connectives were found ; but

such instances are rare. Henking does not refer to the buccal

commissure as such in P. ulvae; but from his description

and figure the connectives would appear to be as short as in

P . ventrosa.
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As in allied forms the cerebro-pleural connectives are absent,

the gangha being practically contiguous on each side. The

right pleural ganglion is larger than the left. The pleuro-pedal

connectives are short and closely applied to the cerebro-pedals.

The pedal ganglia are rather triangular in transverse section.

Posteriorly they bear a pair of otocysts.

Central nervous system (diagrammatic). 6, buccal ganglion

;

c, cerebral ganglion ; Ip, rp, pleural ganglion ; Ipd, pedal ganglion
(l) ; pp, propodial ganglia ; sb, subintestinal ganglion ; sp, supra-
intestinal ganglion ; on, osphradial nerve ; t, tentacular nerve
and ganglion

; pdn, parapodial nerve.

The visceral commissure is of the shortened type and
resembles that seen in Vitrella and Bythinella, though

it agrees with the former in the amount of abbreviation, the

supra-oesophageal pleural connective not being so shortened

as in the latter. The supra-oesophageal portion follows the

oesophagus more or less closely to the abdominal ganglion
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which is situated in the columella region between the kidney

and the reproductive organs. The subintestinal portion passes

over the surface of the columella muscle to the abdominal

ganglion.

Three main nerves are given off from the anterior end of

the cerebral ganglia—a largo tentacular nerve with a tentacular

ganglion and two oral and labial nerves. No separate optic

nerve was found, the innervation of the eye being achieved

by optic fibres of the tentacular nerve. It may be recalled

that Vayssiere found that in T r u n c a t e 1 1 a (23) the tentacular

nerve is apparently responsible for the oculo-motor innervation.

From the left pleural ganglion are given off two nerves of

pallial distribution. Each pedal gaDglion gives off three main

roots—anterior, ventral, and postero-lateral. The first-named

always bear at a short distance large and well-defined propodial

ganglia. The ventral pair is very stout and sometimes bears

ganglia. The postero-lateral pair is very slender and, as in

Bythinella, sometimes bears a diminutive ganglion. No
certain trace of a metapodial commissure was found. It is

absent in P. ulvae and present both in Vitrella and

Bythinella.
From the supra-intestinal ganglion a nerve passes upwards

over the roof of the pallial cavity to the osphradium.

Heuking's description of the visceral commissure and its

prolongations in P . ulvae is in need of correction. Bregenzer,

who admits this, is inclined to make taxonomic capital out of

his statement that two comiectives from the pedal ganglion

are found joining the ' Oberschlundganglion ', and infers from

this that the pleural and cerebral ganglia are completely fused.

If this is correct it is difficult to account for Henking's ' acces-

sorische ' and ' unpaares ' ganglia unless we call these respec-

tively supra-intestinal, subintestinal and abdominal (!) It seems

far more sensible to assume that Henking made a mistake

about the point of insertion of the pedal connectives, to call his

'
1. accessorische Ganglion ' the left pleural and his ' unpaares

GangUon ' the subintestinal.
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3. Sense Organs.

The statocysts are in close proximity to the posterior

surface of the pedal ganglia. The auditory nerve is very diffi-

cult to trace, and in a large number of preparations I have

only succeeded in finding one in which it is clearly seen. It

runs backward from the statocyst in close proximity to the

cerebro-pedal connective and ultimately becomes indistin-

guishable from the latter. The cysts contain each a single

moderately-sized otolith.

In certain other Taenioglossa, e.g. Valvata (Bernard, 1),

Melania and Paludina (Pelseneer, 15), numerous small

otoconia replace the single otolith of Paludestrina,
Vitrella, and Bythinella. This diversity, which con-

trasts with the remarkable constancy in the number of otoliths

found in Teleostean fishes, might well supply a subject for

independent study both from the taxonomic and the physio-

logical point of view.

The cysts are formed of an external layer of very thin

epithelium covering an internal layer of irregularly-shaped

cells. These are flattened and resemble rather those figured

by Bernard (1) for V a 1 v a t a

.

In Valvata Bernard found no cilia, while Garnault (8)

observed that in Cyclostoma they are very sparsely

developed. In Bythinella and Vitrella they are not

referred to. In P. ventrosa it is almost certain they are

absent. There is quite definitely no ordinary ciliated layer

and nothing more on the interior surface than occasional vague

clumps of unrecognizable tissue. How the otoliths in this case

stimulate the sensory layer is therefore uncertain unless the

latter has a general tactile sensibility. In Valvata Bernard

(loc. cit.) observed a sort of network formed of prolongations

from the membrane of the lining cells.

The eyes do not call for special attention. They resemble

those figured by Henking for P. ulvae in general form,

though they differ in the closer approximation of the imier and

outer cornea. In Bythinella the space between the two

corneas is considerable and filled with connective tissue. In



170 GUY C. ROBSON

the same form Bregenzer notes no special differentiation of

the outer cornea from the adjacent epithehum of the tentacle

base. This is not the case in P . v e n t r o s a , in which the

external cornea is always noticeably thinner.

The osph radium, as in Vitrei la and Bythinella,
is a simple ridge-like elevation on the left-hand side of the

gill close to the junction of the roof of the pallial cavity with

its floor. There are no foliations such as occur in some other

Taenioglossa. The laterally-disposed pigment cells contain

brownish pigment granules. The ciliated and sensory layer

overlies a large and elongate osphradial ganglion.

4. The Eespiratory and Circulatory System.

(1) Pericardium and Heart (Text-fig. 5).

The pericardium lies on the posterior side of the body-

whorl in a superficial position covered only by the body-

epithelium. It is placed at the posterior end of the pallial

cavity on the left-hand side, and is roughly bounded by the

kidney and the extremity of the style sac.

No trace of a reno-pericardial orifice could be found. Seibold

was unable to find one in V i t r e 1 1 a ; nor is it referred to by

Bregenzer for Bythinella. It occurs in both Cyclo-
stoma (8) and Valvata (1). The auricle was never found

in an expanded condition, so that its general structure cannot

be defined. The ventricle is, as usual, thick-walled and

muscular, though a thinner-walled portion of varying extent

is invariably to be seen.

(2) Vascular System.

The descriptions of this system in other Taenioglossa are

very unsatisfactory. The accounts given are usually incom-

plete, and frequently omit some portion from consideration.

It may also be pointed out that on one point at least two of

the most up-to-date treatises on the Mollusca are at variance.

Lang (11, p. 322) says, ' Bald offnen sich die Arterien ... in

arterielle Sinusse. Unter diesen verdient besonders der

grosse Kopfsinus . .
.' Pelseneer (15), who alludes to the
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cavities in which the arteries terminate as ' interorganic

lacunae ', says (p. 100), ' the venous blood is collected into

an anterior or cephalopedal sinus ', &c. I share Professor

Pelseneer's view that the large cephalopedal cavity is venous.

The following outline, which is by no means complete and

owing to the size and contractility of the animal is not founded

Text-fig. 5.

Heart, pericardium, and kidney in section, a, auricle ; v, ventricle ;

k, kidney
; f, portal vein ; fc, pericardium.

upon injections, may serve to enlarge our knowledge of this

system in the Taenioglossa.

There appears to be a large general venous sinus of which

the chief components (cephalic, pedal, and visceral) are in

communication with each other. The two first-named are

in open communication posteriorly, but are separated anteriorly

by a horizontal septum. Both Henking and Bregenzer speak

as though the latter completely separated the two cavities in

P . u 1 V a e and B y t h i n e 1 1 a . In none of my series, however,

is this the case.

NO. 261 pr



172 GUY C. ROBSON

From the general venous sinus the blood passes (a) to the

renal portal system by more or less clearly-defined vessels,

(fe) to the gills through the rectal sinus. From the kidney the

blood passes into the portal vein (q.v.). The complete course

of the latter is not easy to trace. In one or two cases it was

found entering the auricle close to the root of the pulmonary

vein, though in other cases its junction is not so clearly seen

and it might even open into the pulmonary vein itself. It

is possible, however, that some of the blood in the kidney may
find its way into the gill directly, as the rectal sinus was adjacent

to the kidney on part of its course. The rectal sinus proper

appears to be cut off from the other venous sinuses, but to be

in communication with them by means of a loose lacunar

system.

From the rectal sinus afferent vessels run to the gill and

pass along the base of the gill-lamellae (q.v.). The arterialized

blood is carried from the gill by the pulmonary vein. It leaves

the ventricle by the aorta, which divides into anterior and

posterior branches. The first-named runs forward along the

wall of the pericardium sending out branches in its course.

The posterior branch passes between the stomach and intestine

and probably enters a lacuna in this position. From the

lacuna is given off among other vessels a clearly-marked

genital artery which can be traced backwards to finer branches

distributed to the various processes of the gonad.

(3) Eespiratory System.

The gill (Text-fig. 6) is monopectinate and composed of

broadly-triangular plates hanging freely in the pallial cavity.

On the rectal side the extremity of each plate is free for a short

distance.

The histology and structure correspond in general with that

of Bythinella, but Bregenzer does not indicate the relation

of the gill to the adjacent parts of the circulatory system.

On the whole it would seem that in P. ventrosa the

apical portion of the lamellae is more elongate and triangular

in transverse section than in other forms. It should be
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noted that in this form and Bythinella the ciHa are not

distributed all over the lamellae as in Vitrei la but are

concentrated at the apex. Each plate shows longi-

tudinal folds towards its basal part, becoming flatter where

they join up with the efferent vessel. In Bythinella,
V i t r e 1 1 a , and Paludestrina jenkinsi the lamellae

are flat and unfolded. This folding seems rather difficult

to explain. Were it not for the fact that similar folding

occurs in P. ulvae (Henking) I would be inclined to think

Text-fig, 6.

crv

Gills in section, av, afferent vessel ; ev, efferent vessel
; pv, pul-

monary vein.

that it might be due to shrinkage arising from excessive

contraction of the transverse muscles in each filament. But
in addition to the occurrence of similar folds in P . ulvae
there is the fact that, if it were due to shrinkage, one would

expect such contraction to take effect over all the lamella,
which is not the case. If this ultimately proves to be an
invariable character of these two species of Paludestrina
it may very well be correlated with their brackish-water and

marine habitat. It should also be pointed out that unless

the text-figures G and H in Bregenzer's paper are diagram-

matic the afferent vessels and blood-spaces are much smaller

in P. ventrosa than in Bythinella.

N 2
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From the rectal sinus blood passes by rather irregular and

inconstant lacunar spaces to the roof of the paUial cavity,

and finally into more definite and constant lacunae at the base

of each gill-lamella. Thence it passes to the afferent vessels,

and from these through the blood-spaces in the lamellae to

the efferent vessels at the apex of the plates. The efferent

vessels of all the lamellae are united on the left-hand margin

of the gill by the pulmonary vein. On the left-hand side the

afferent vessels apparently lose themselves in lacunae. On
the rectal side the efferent vessels come to an end in the free

portion of each lamella.

It is probable that blood is brought from the left-hand side

of the mantle cavity in a wide irregular lacunar system which

ultimately debouches into the same sub-lamellar spaces as the

blood from the rectal sinus.

4. Eenal System (Text-figs. 5 and 7).

The kidney hes between the body-wall, the pallial cavity,

and the pericardium, sending ramifications among some of the

other organs as in P . j e n k i n s i . It communicates with the

pallial cavity at its own anterior end by a ciliated aperture

furnished with sphincter and dilator muscles. In general

the kidney is a thin-walled cavity with a lining of special

secretory vacuolated cells as figured and described by Bregenzer

(6, p. 248). Anteriorly, however, there is a special area between

the body-wall and the pericardium characterized by a compact

stroma of connective tissue with blood cavities communicating

with the portal vein. This is the ' blood-gland ' of various

authors (cf . Simroth, 21, p. 564). It is present in B y t h i n e 1 1 a

but absent in Paludina, Cyclostoma, and other forms

(Simroth, loc. cit.). It is not specifically described in V i t r e 1 1 a,

and it is not clear from Seibold's description if it actually occurs.

With regard to the epithelium covering this gland on the

renal side I do not find the condition described by Bregenzer.

The lining is usually a flat epithelium vnth flattened or roundish

nuclei (fig. 7). I have never found the peculiar epithehum

figured by Bregenzer (loc. cit., PL xvi, fig. 15).
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5. Eeproductive System.

(1) Female Organs (Text-figs. 8, 9, 10).

The ovary lies as usual between the liver and columella

muscle. It consists of branched tubular follicles. The material

employed for this study was all collected and preserved during

May and June when apparently the oogonia were approaching

maturity, but were not being shed in any number. A few

Text-FIG. 7.

Renal aperture and ' blood-gland ' in section, ck, cavity of kidney ;

h, blood-gland ; r.o., renal orifice ; s, secretory epithelium.

were found in the oviduct, and in a small number of cases

spermatozoa were found in the receptaculum seminis.

It may be therefore considered that, speaking generally, the

material examined represented a stage coincident with the

beginning of the breeding season.

A great diversity of cellular elements was found in the ovary.

The following types were invariably distinguished (Text-fig. 12)

:

(a) Eipe oogonia distinguished by their large size, large
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yolk content, usually with a clear slightly-granular

nucleus and a deeply-staining nucleolus.

(b) Ovarian cells only distinguished from (a) by the less

intense staining of the yolk and their smaller size.

(c) Small cells of various sizes, free or attached to the epithe-

lium of the follicles with darkly-staining cytoplasm,

clear nucleus, and dark nucleolus.

Text-figs, 8-9.

Fig. 8.—Female genitalia, a, ac-

cessory gland ; o, oviduct ; og,

oviducal gland ; rs, receptaculimi
semiiiis ; v, vagina.

Fig. 9.— Section of oviducal

gland. 7n, outer muscular
layer ; (/, gland.

(d) Cells of the germinal epithelium in various stages, either

very small and irregular or enlarged and approximating to (c).

The germinal epithelium was never found in the regular

columnar condition seen in Bregenzer's figure U ; and it is

sometimes very difficult to interpret, being full of liiasses of

deeply-staining material of irregular disposition and uncertain

nature and often flattened out by the pressure of the ripening

oogonia. The various types of ovarian cell with all the inter-

mediate stages are frequently met with in one and the same

follicle, and the gradual transition seems to indicate the
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development of one main type of cell from the germinal

epithelium, viz. oogonia. No traces of nurse-cells could be

found.

The oviduct follows the usual course down the columellar

region accompanied by the genital artery. It ultimately

becomes thick-walled and convoluted. It gives off in succession

a receptaculum se minis and an ovi ducal gland,

Text-fig. 10.

Portion of accessory J glands in section, h, darkly-staining area

;

I, purple-staining area ; c, cavity continuous with vagina.

and opens into the vagina close to the entrance of the accessory

glands of the latter. In its upper course its walls consist of

a single layer of flattish epithelial cells. In the neighbourhood

of the kidney its walls are formed of deeper and more columnar

cells which contain at their apices (i.e. towards the lumen)

a darkish secretion. They are ciliated and covered by an

external layer.

The receptaculum seminis is rather club-shaped

and has a short duct. It is surrounded by a muscular layer.

The cells are columnar with basal nucleus and their structure
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seems to indicate a glandular nature. Very occasionally

spermatozoa were found in the receptaculum aggregated into

small subcircular clumps.

(2) The Oviducal and Accessory Glands.

Some excuse is perhaps required for cumbering nomenclature

with an additional obscurity. The appendage (Text-fig. 9) borne

upon the oviduct just below the receptaculum seminis

is called by Seibold the ' Anhangsdriisc des lleceptaculum

seminis ' and by Bregenzer the ' Eiwoissdriise '. The latter's

figures are not a sufficient indication whether structurally the

organs are similar in Bythinolla and P. ventrosa.

Devoting our attention to the latter we find the ' oviducal

gland ', as I prefer to call it, to be covered by a strongly-

developed muscular sheath with circular muscle fibres. In

general form it is an irregular-shaped gland with a short duct.

Internally it is very much folded. The cells of its inner layer

when not loaded with secretion are tall and narrow. The

nuclei are basal, and, when the cells are full of secretion,

they become driven close up against the basal membrane.

There are not very many accounts of the albumen gland in

Gastropoda. But from those available we can safely assume

that we are hardly warranted in calling this structure in

Paludestrina by that name. In Valvata (1) on the

one hand and Physa (22) on the other we see radically

different types of ' albumen gland ', and we can identify this

form with neither.^ Until more is known of this structure in

Gastropoda, and particularly in Prosobranchia, it is perhaps

better to avoid a too positive terminology.

The vagina is a narrow slit-like cavity surrounded by

a large accessory glandular mass. It is thin-walled and cihated

internally. The glandular mass is very interesting but difficult

to interpret. Previous authors of recent work upon Taenioglossa

do not discuss it at any length, though Seibold pointed out that

differences of staining could be observed in it. Subject to cer-

tain qualifications, we may state that this mass is divisible most

1 Cf. Slugocka's PI. iv, fig. 20.
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frequently into two parts which occupy more or less opposite

sides of the vagina and, where they meet, show a certain

amount of transition in their structure.

One portion is usually stained in haematoxylin and eosin

a vivid light purple in which the pink tinge predominates.

It consists of two kinds of cells. A layer of ciliated, cubical

cells lines the cavity of the gland. Some of them are drawn

out into irregular, elongate extensions with which are asso-

ciated other rather elongate cells. These form irregular

digitiform glandular masses. A distinct lumen is seen in these

masses (Text-fig. 10). It is uncertain how they pass their

secretion to the exterior, as I have never observed a com-

munication between the lumen and the exterior. The second

area usually stains a deep purplish blue with the same stain.

Seen in its most characteristic form it is composed of the same

columnar ciliated cells and an inner glandular mass. The latter

is more compact, the nuclei of the constituent cells are fewer

and often arranged at the periphery of rudely quadrate masses.

One is tempted to conclude that this second portion only

represents another stage of the condition observed in the first

described part, and that in the one the cells are full of secretion

and tend to obscure a structure like that described in the first

case. In the compact portion it is very hard to make out cell

outlines, and certainly nothing like the digitiform glandular

processes can be seen. It is, on the other hand, very certain

that in certain areas transitional masses are to be found.

I am inclined on the whole to consider that there are two

functionally distinct portions of this gland mass, though inter-

mediate stages are found. A comparison may be made with

the rather similar structure of the accessory glands (ootype, shell-

gland, &c.) of Neritacea which have been described by Bourne (3).

The cavity of the vagina is continuous with those of the

glands.

(3) Male Organs (Text-fig. 11).

The testis consists of a number of branching follicular tubes

and in general plan resembles the ovary. Only one kind of
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spermatozoon was found, viz. the ' typical '. The definitive

stage of the latter, which is found in the vas deferens and

the receptaculum seminis of the female, exhibits an

elongate conical ' head ', a usually well-developed acrosome,

an acute apical portion, no discernible middle-piece, and an

elongate tail. The precise length of the latter could not be

very satisfactorily ascertained, but it is apparently very

much longer than that of B y t h i n e 1 1 a, in which the tail is

between twice and thrice as large as the head. In P. ulvae
and P , taylori (Eobson MS.) the tail is relatively enormous.

One of the constant features of spermatogenesis is the occur-

Text-figs. 11-12.

Fig. 11.—Section of penis, a, free Fig. 12.—^Transversesectionthrough
portion of ' appendage '

; vd, vas ovarian foUicle.

deferens.

rence in the spermatids of an arrangement of the chromatin

of the nucleus in bent rods or half-hoops at the periphery of

the nucleus. My friend Dr. J. B. Gatenby has pointed out

to me the rather similar concentration of chromatin at the

posterior part of the nucleus in the spermatid of Murex
trunculus recorded by Schitz (19). I am also indebted to

Dr. Gatenby for pointing out to me the frequent occurrence of

abnormal stages of spermatocytes, though of course, as has been

stated above, the spermatozoa are monotypic.

The vas deferens is thin walled during the first part of

its course. It passes down the columellar region and in the

neighbourhood of the kidney gives rise to a large glandular

swelling, the prostate. The latter has plicate walls in-
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teriorly, lined with columnar ciliated cells with more or less

basal nuclei. The rest of the structure of this gland, which

stains violet with haematoxylin and eosin, is not unHke that of

the lighter-staining portion of the accessory gland of the

female.

Below the prostate the vas deferens becomes smaller, thick-

walled, and ciliated. It eventually runs just below the

epidermis in the floor of the pallial cavity to the penis, which it

traverses up to its apex. The penis is single in contrast

with the remarkable complexity of Bythinella and

Bythinia (Moquin Tandon, 13), in which a flagellum and

a second branch occurs. It therefore exhibits the condi-

tion seen in Cyclostoma (Garnault) and Vitrella. In

P. ulvae the penis is quite simple according to Henking,

while drawings made from the living animal by my friend

Dr. H. Quick also show no accessory structures upon the male

organ. The intromittent portion in P. ventrosa is long

and pointed.

3. Habits, etc.

A preliminary attempt has been made (Eobson, 17) to

analyse the ecological conditions under which P. ventrosa
is found. But a great deal remains to be done upon this subject

as well as upon the distribution and ecology of the plants

associated with it and upon which it may be presumed to

depend. Though a more definitely brackish-water form than

P. ulvae, the case worked out at Leigh-on-Sea demonstrated

a greater adaptability and tolerance on the part of P. ven-

trosa. If, as we may rightly assume, the British Paludes-

trinidae show a progressive tendency to become adapted to

fresh-water, P. ventrosa represents an intermediate stage

of adaptation, but exhibits the tendency in its initial rather

than its later stages. Little can be said upon the more intimate

habits of this animal. It is usually found upon some water-

plant, but quite frequently upon mud or bottom debris. In

several examples from Leigh, Wakering Wick, and elsewhere,

the stomach contained a variety of diatoms and a few foramini-
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fera. The rest of the contents were usually too much digested

to enable their nature to be made out. No remains of plant

fibre, &c., was ever found. I am inclined to think that it

browses upon the microfauna and microflora of the plants upon

which it lives, and that it does not actually chew the leaves of

the latter.

4. Affinities.

(a) I cannot agree with Bregenzer's verdict upon the imme-

diate relationships of Taludestrina (6, p. 276). According

to her, the latter genus is separated into a group distinct

from Bythinella and Vitrella upon the following

characters :

(1) Fusion of the cerebral and pleural ganglia.

(2) The possession of two pairs of salivary glands.

(3) Eeduction of the ' Knorpelspange ' of the lingual cartilages.

(4) Brackish-water habitat.

Of these characters the first is open to question. In P . v e n -

t r o s a there is no more fusion of the ganglia in question than

in Bythinella, while in P. ulvae we have seen (p. 168)

that Henking's statements are open to question. In the second

place, only one pair of salivary glands is found in P . v e n t r o s a.

As to the third character it is scarcely worth anything as the

' Knorpelspange ' is absent in Vitrella! Lastly, P a 1 u d e s -

trina is not restricted to brackish water, at least as far as

England is concerned. As the result of a scrutiny of the

characters available for taxonomic purposes we might with

equal justification select the simple penis and longer super-

intestinal part of the visceral commissure in order to unite

Paludestrina with Vitrella as against Bythinella,

or the crystalline style and certain features of the radula to

unite Paludestrina and Bythinella against Vitrella.

In any case I venture to think that an animal's taxonomic

position cannot be summarily decided in this fashion. Until

we have objective evidence as to the taxonomic value of the

various characters such groupings as those discussed above

are of little value. On the whole we can safely consider these
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genera as referable to the same family ; but I feel that we require

another technique for deciding their closer affinities than

a mere inspection and assorting of characters. A character

such as the absence of the crystalline style in Vitrella

would* appear in the first instance to be profoundly important.

But we do not know the precise significance of its absence.

As an alternative to a close study of genetics, evolution,

habits, and ecology in relation to structure which alone can give

us a sound taxonomic method, the only procedure that could

be suggested would be a complete enumeration of characters

and a grouping based upon agreement or disagreement in a large

number of structures. This method would be crude, but it

would be better than an arbitrary selection of a few characters.

In the present case I have distinguished a total of twenty-one

important characters. The agreement or disagreement of

the three genera in question is indicated as follows :

Paludestrina = Bythinella alone in 5\

,, =Vitrella alone in 2|

,, =Bythinella and Vitrella in 4 21

,,
= neither in 8i

relationship uncertain in 2)

(b) Though it would be beyond the scope of this paper to

offer a criticism of the present arrangement of the Taenioglossa,

we may nevertheless attempt to define the position of the

Paludestrinidae with regard to some of the main tendencies

of Prosobranch morphology.

The Paludestrinidae represent a stage in the abbreviation

of the nervous system which involves the pleural-intestinal

portions, and is seen in its extreme condition in Bithynia
and Valvata in which the sub- and supra-intestinal ganglia

are either fused or closely approximated to the pleural ganglia.

In Melania and Cerithium this condition of close

approximation is seen on one side only, the ganglia being

separated on the other side. In Paludestrina and

Bythinella they are slightly separated on both sides, while

in Littorina and Paludina they are widely separated.
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Paludestrina agrees with Pterocera, Tiphobia,
Lithoglyphus, and a few others in possessing a crystalHne

style. We may assume, however, that this is without phylo-

genetic significance within the group.

Another interesting tendency which may not be of phylo-

genetic importance is the possession of a single otolith in the

Paludestrinidae. It shares this character with Littorina,

T r 11 n c a t e 1 1 a , some M e 1 a n i a s , and N a t i c a . On the

other hand, Paludina, Ampullaria, Valvata, Cyclo-
phorus, and others have multiple otoconia. A blood-gland

is absent from the kidney of Paludina, Valvata, Ceri-

thium, &c., and is found in Littorina and in the Paludes-

trinidae.

Finally, while possessing a simple osphradium, Paludes-
trina exhibits a definite osphradial ganglion—a stage appar-

ently more advanced than such forms as Littorina and

B i t h y n i a, inwhich (Bernard, 2) no osphradial ganglion is found.

5. Summary.

1. Paludestrina ventrosa possesses the general

Taenioglossate organization.

2. It represents a genus of Paludestrinidae equivalent to

Bythinella and Vitrella.

3. It is peculiar within the family as possessing:

i. Folded gills

;

ii. A slit connecting the style sac through nearly all

its length with the intestine
;

iii. A typhlosole

;

iv. A non-ciliated roof to the median part of the

pharynx.

It represents an intermediate stage in the acquirement of

the fresh-water mode of life, being essentially a brackish-water

form with a fairly well-marked euryhahne tendency.

4. Several structures not fully described by previous authors

are discussed in this paper (e. g. the accessory female and circu-

latory organs), and it is not certain in what form these struc-

tures occur in other Taenioglossa.
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5. Within the Order Taenioglo ssa, Paludestrina is

referable to the group which possesses :

(1) a brevicommissurate visceral commissure
;

(2) a single otolith
;

(3) an osphradium with basal ganglion ;

(4) a renal-portal system and blood-gland
;

(5) an ' oviducal ' gland immediately adjacent to the

receptaculum seminis.
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The Gastric Mucosa.
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Robert K. S. Lim.

(From the Department of Physiology, Edinburgh University.)

With Plate 8 and 1 Text-figure.

Introduction

The gastric mucous membrane is described as being disposed

in three regions, known as the cardiac, fundic, and pyloric.

These regions, although distinguished from one another by

definite microscopic characters, yet merge gradually the one

into the other, so as to present no well-defined lines of demarca-

tion. The actual extent of each region varies in different

animals. It has not been sufficiently recognized, however,

that the cardiac and pyloric areas are very small, especially

in the carnivora. In the cat, the (microscopic) pyloric region

is a narrow zone, extending for not more than 35 mm. from

the junction of pylorus and duodenum ; it may not even

correspond in extent with the so-called pyloric antrum. In

view of this fact it is possible to doubt the exactness with

which pure pyloric pouches can be isolated either by the

Heidenhain (13) or Pavlov (21) technique.

What is known regarding the functions of the different

regions of the stomach is not compatible with their differences

in structure. And current descriptions of the cells forming

the gastric glands are by no means uniform, much confusion

being due to the fact that the histological descriptions vary

according to the method of fixation and staining employed

and the species of animal investigated.

The following description of the histology of the gastric

glands is divided into three parts. In Part I only the gastric

mucosa of the cat will be described, since the observations

NO. 262 O
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I have made upon its stomach are more complete than in the

other cases. Other animals, both adult and foetal, have,

however, also been investigated, and the special features of

some of the cells of their glands are described in Parts II and III.

PAET I. THE GASTRIC MUCOSA OF THE CAT.

The cats were killed both while fasting and at various

intervals after a meal. They were usually fed on boiled fish,

milk, and bread, but some were put on a meat and milk diet.

In all twonty-fi\e animals have been examined.

Histological Technique.

For microscopical purposes the animals were killed either by

carbon monoxide or chloroform. The stomach was then

examined fresh or was prepared for sections.

For the fresh preparations a piece of the mucous membrane

was either scraped off and teased in Ringer or serum, or the

fresh tissue was frozen in a little serum and cut up with a micro-

tome. The fresh sections, however, gave no more information

than those obtained after fixation, so that this method was

discontinued.

For permanent preparations the fixatives used were Zenker,

Altmann's fluid, osmic acid 1 per cent, and forjnol (either

neutral 20 per cent, or acid 10 per cent.). When Zenker or

formol was employed the stomach was slightly distended with

the fixative and suspended in the same solution for the period

necessary for penetration. It was then cut into suitable

pieces, which were either placed in gum or carried through

in the usual way into paraffin. For some preparations pieces

of fresh stomach were pinneil out on a cork and iinmersed in

the fixing reagent ; this was the chief method when using

osmic acid solutions, but a few pieces were fixed in osmic

without stretching.

The stains employed were alcoholic eosin and methylene

lilne (16). haematoxylin and eosin, van Gieson, iron haema-
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toxylin (Heiclenhain), Mallory (24), or polychrome methylene

blue. It has not been thought necessary to give details of the

application of the above stains ; they may be found in the refer-

ences indicated. In the description which follows acid formol

fixation is implied, although the observations recorded have

been corroborated by other methods. Where a notable differ-

ence occurs the special fixative concerned is mentioned.

The Mucous Membrane as a Whole.

It is not intended to describe the naked-eye appearances.

Suffice it to say that with a lens (Sprott Boyd (28)) differences

may be noted between the duct orifices of the pyloric region

and those of the remainder of the stomach. In the former

the mucous membrane is thicker and the ducts wider, longer,

and more funnel-shaped than in the latter.

The gland-tubes are simple, but may branch shghtly towards

their blind ends. Several gland-tubes are usually served by
a common duct. Only in the part of the pyloric canal close to

the duodenum do the glands become markedly racemose,

but the glands adjacent to the oesophagus may also take on
a racemose character.

A gastric gland-tube may be described as consisting, besides

the duct, of a superficial part, which is the portion of the

gland-tube immediately below the duct, and a deep part

composed of the remaining portion of the gland.

The Connective Tissue.

Between the glands lies the supporting connective tissue

(interglandular tissue) whicli contains plain muscle-fibres

arranged vertically, l)lood-vessels, lymphatics, and nerves.

In addition to these there are three kinds of cells in the tissue :

(1) Finely Granular Branched Connective-
tissue Cells .—These stain a deep magenta with poly-

chrome methylene blue and a purplish blue with alcoholic

eosin and methylene blue. They form ])y far the most numerous
variety and are more numerous in the stomach than in other

o 2
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portions of the digestive tract. This has already been noted

by Cade (5).

(2) Finely Granular Oxyphil Leucocytes.—These

are sometimes massed together in groups : more generally

they are scattered throughout the mucosa.

(3) Coarsely Granular Eosinophil Cells (PI. 8,

fig. 5, g). These are present in least numbers. They occur

mainly near the surface, and may be found between the cells

lining the duct of the gland as wpII as in the interglandular

tissue. The eosinophil granules or globules vary considerably

both in number and size, some being as much as 2-3 /x in

diameter. They stain with iron haematoxylin, which does not

colour the oxyphil granules of leucocytes ; they are thus not

unlike the cells of Paneth of the small intestine.

All three types may be found in the interglandular tissue

of other animals, e.g. dog, pig, and rabbit.

The interglandular tissue is more abundant at the cardiac

and pyloric ends of the stomach than in the middle of the

fundic region. Here the connecti\e tissue is more plentiful

immediately under the surface epithelium.

The nmcosa rests on a thick condensation (membrane of

Zeissl, stratum compactum of Oppel (Text-fig. 1, a, sc)) of white

fibrous tissue, immediately underneath which lies the muscularis

mucosae. This membrane-like condensation is of interest

as it is not common to all animals, e. g. it is absent in man,

pig, and rabbit, but is present in cat and rat. Further, it is

non-elastic and separates the muscle-fibres Avithin the inter-

glandular tissue from the muscularis mucosae. It is per-

forated by vessels, and the plain muscle-fibres reach the mucosa

by the same communications.

The Surface Epithelium.

This epithelium includes the cells covering the surface and

those lining the ducts. These cells are essentially of one type..

Those on the surface are columnar, becoming shorter and more

cubical as they are traced into the ducts. A corresponding

change may also be noted in the nucleus, which is elongated
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on the surface but almost spherical within the ducts (see

PL 8, fig. 5).

The cytoplasm is finely granular in the fresh and certain

fixed (neutral formol, osmic) specimens, and may be differen-

Text-fig. 1.

- .'-A

.'-i-lStSC.

TOW..

A. Low power { ^ 75). 6"c, stratum com-
pactum ; nun, muscularis mucosae.

B. High power ( x 400). p, gland
lined with peptic cells ; m, gland
lined with mucoid cells ; oxyntic
cells occur in the parietal parts of

both glands.

Glands from the middle of the anterior surface of the stomach. Cat 10 ;

24 hrs. ; acid formol ; haematoxylin and eosin. (Photograph.)

tiated into two parts (Ellenberger and Scheunert (11) by

staining methods, viz. an outer goblet-shaped part, which is

clear but tinted red in haematoxylin and eosin preparations,

stained blue by Mallory and a pale blue by polychrome

methylene blue, and an inner part consisting of the remainder



192 ROBERT K. S. LIM

of the cell, in which the nucleus is situated, and which is

stained of a reddish colour by Mallory.

The surface cells show a larger goblet part than the duct-cells

(see PI. 8, figs. 3 and 5). During active digestion this part

diminishes in size, but in both fasting and feeding animals cells

in which the goblet part is defined but not stained may be seen.

This presumably indicates that the cells in question have

discharged their contents and have not had time to supply

the part with new material (granules).

With regard to the mode of attachment of the cells to one

another I have sometimes observed the intercellular bridges

described by Carlier (5 a). These, however, are only apparent

when the cells appear unduly vacuolated. In sections tan-

gential to the surface I have seen no indications of bridges.

The surface epithelium is continuous with the epithelium

of the gland-tubes, the transitional cells losing their goblet

portions and staining a uniform bluish colour with Mallory.

The transition is short (see PI. 8, iig. 5, t).

The Cardiac Kegion.

The junction of the oesophagus and the stomach is well

defined in the cat, the stratified epithelium of the former stop-

ping abruptly and being replaced by the columnar epithelium

of the latter. At this junction a lymph follicle may sometimes

be seen, but there is more frequently a large vesicle or cavity

lined by one or two laj^ers of cubical cells.

The cardiac region (when present) is extremely narrow,

measuring about 2-3 mm. from the cardio-oesophageal junction

to the nearest group of parietal or oxyntic cells. It includes

only cells of one type (cardiac cells) unmixed with others.

Beyond this there is a boundarj- zone extending for another

3 mm., which contains both oxvntic and cardiac cells.

Frequently there is no definable cardiac area ; oxyntic cells

are found at the junction itself and only the ' boundary zone
'

is present. Beyond the boundary zone another type of cell,

characteristic of the fundus, is met with : this may be regarded

as the cardiac limit of the fundic region.
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The glands of the cardiac region consist of relatively simple

tubes, with short ducts and somewhat wide lumina. In most

animals they are fairly numerous, in others only a few such

glands are to be found near the oesophagus. They are lined

by a single layer of columnar or cubical epithelium, which

appears granular in the fresh condition. In sections, however,

granules are absent and a fine reticulum is seen in its place.

The reticulum is irregularly distributed throughout the cell,

and is stained blue by alcoholic eosin and methylene blue,

pale magenta by polychrome methylene blue, and blue with

Mallory (PI. 8, fig. 1). In some cases a reticulum which stains

reddish with Mallory is present in addition to the above finer

reticulum which stains blue. Haematoxylin hardly stains

the ' blue ' reticulum at all, nor does it tint the spaces between

the reticulum. In the case of the other stains just mentioned

the spaces are coloured in the same way as the reticulum, but

more faintly.

The nucleus is irregularly rounded or ovoid and is invariably

situated towards the base of the cell. In a fasting animal

the cell is more colunmar and the nucleus less flattened than

in an animal which has been fed. On the whole, however,

there is little change to be noted in these cells.

No com])ound tubular glands such as have been described

by Ellenberger (10), Edelmann (8), Schaffer (27), and others

in various animals are present in the cat. nor are any structures

resembling crypts of Lieberkiihn met with ; this also applies

to other regions of the cat's stomach.

The simple tubular glands of the cardiac region were first

described by Schafer and Williams (26) in the kangaroo, and

with their description those of the cardiac region agree. It

will be shown later that the cardiac cells do not constitute

a special type, but form a variety of mucoid cells, a term which

is explained elsewhere.

The Pyloric Eegion.

I'he pyloric region is considerably larger than the cardiac

in area, although smaller than is generally supposed. It extends
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for about 15 mm. froin the pyloro-duodenal junction along

the greater curvature and about 12-15 mm. along the lesser

curvature. Beyond these limits small oxyntic cells make their

appearance, and about 20 mm. further full-sized oxyntic and

peptic cells are met with in large numbers. Here lies the

pyloric hmit of the fundic region.

With regard to the general features of the pyloric glands,

they have long tind wide ducts and become more racemose

and exhibit more interglandular tissue near the intestine.

Lymph-follicles are numerous in this region of the stomach,

several being invariably present at the pylorus itself. At the

pyloro-duodenal junction the pyloric glands pass through the

muscularis mucosae, whiuli is here incomplete, and become

Brunner's glands of the duodenum. The lumen of the glands

is large, and this, along with their racemose character, serves

to distinguish the pyloric glands from those of the cardia which

they otherwise resemble.

The glands of the pyloric region are lined by a single layer of

cells, which are columnar or cubical in shape and irregularly

reticulated (PI. 8, fig. 4). They are stained in the same way

as the cardiac cell, the whole cytoplasm appearing blue with

methylene blue combinations and with Mallory, pale magenta

with polychrome methylene blue, and colourless with haema-

toxylin. As is the case with the cardiac cell, the basal portion

of the cell may in some animals be occupied by a second

reticulum which stains red with Mallory. This may be seen

in fasting and fed animals, but more often in the latter con-

dition. The nuclei are irregularly rounded and situated

basally. During activity the cell becomes shorter, indicating

a discharge of its contents, and the nucleus appears more

spherical, i. e. less compressed.

The similarity between the cardiac and pyloric glands has

been noted by many observers (Cobelh (6), Ebstein (7),

Schaffer, Stohr (29), and others). Bensley (2, 3) compares the

pyloric cells with the cells lining the ' neck ' of the fundic

sland as well as with the cardiac cells. On the other hand.

Heidenhain (13), Langley and Sewall (15), Kranenberg (23),
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and all later writers believe that tliey are fiuidaiueiitally the

same as the ' chief ' cells of the fundus. It will be shown

later that there can be no doubt regarding their difference

from the ' chief ' cells, and their resemblance to the cardiac

gland-cell is too close not to regard them as identical in

structure if not in function.

The Glands of the Fundus.

Histologically, the portion of the stomach between the

cardiac and pyloric regions just described has a uniform

structure. The glands of this intermediate area are generally

known as the glands of the fundus, though they might be more

appropriately termed the glands of the body of the stomach.

The general form and arrangement of the fundic glands have

already been noted. They are simple tubes with short ducts,

and as the glands are closely packed together there is little

interglandalar tissue.

Three kinds of cell occur in the glands of this region, although

hitherto, with the exception of Bensley (1) and Cade (5),

histologists have recognized only two, namely ' central ' or

' chief ' and ' parietal ' or ' superadded ' cells.

(1) Peptic Cells.—These a,re usually known as 'chief'

cells ; they are quite distinct from a second type of central

cell which are intermingled with them, and are described later

as mucoid cells. Peptic cells occur throughout the lower

or deep half of the gland-tube, although it is comparatively

uncommon to find this part of the tube lined wholly by such

cells. They look somewhat columnar in shape in section, but

when isolated are polyhedral.

The cytoplasm contains granules in the fresh state (Langley

and Sewall) ; these are irregular in size. On examination in

saline, weak acids, or alcohol, the granules tend to increase

in size and become less distinct. Finally they disappear,

apparently by passing into solution. A few granules always

remain unaffected.

In fixed preparations, whether formol, Zenker, or osmic, the

granules are replaced by a coarse but regular reticulum (PI. 8,
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figs. 2 and 3, p, xxi). Nevertheless, with both forinol and

osniic, a few granules may be preserved ; this is especially

the case after osmic fixation (PI. 8, fig. 3, p, xx, in). The

regularity of the reticulum suggests that the extra-granular

cytoplasm is coagulated before the granules are dissolved out.

The reticulum may therefore be taken as a rough index of

the amount and size of the granules contained in the cell.

With regard to their reaction to various dyes, both the

reticulum and the granules become intensely stained blue with

alcoholic eosin and methylene blue, deep purplish Idue with

polychrome methylene blue, and brownish violet with Mallory.

They are only lightly stained by haematoxylin, but more
strongly so by the iron haematoxylin method. The nucleus

is irregularly ovoid or rounded ; it varies in shape and position

according to the activity of the cell.

l^\mctional changes are easily noted in these cells. In the

fasting condition the nucleus is found towards the base of the

cell and the cytoplasm is reticulated throughout. After a period

of activity, i. e. during digestion, the cell gradually shrinks,

and the nucleus becomes larger and occupies a more central

position. Teased preparations seem to show that the granules

are on the whole larger in the fresh condition, while in fixed

specimens the meshes of the reticulum are wider. Ergasto-

plasmic fibres occur at the base of the cell, while the reticula-

tions (granules) diminish near the lumen of the gland. In

some cases (five to six hours after a large meal) half of the cell

may be occupied by ergastoplasmic fibres. These fibres stain

in the same way as the reticulum, although more definitely

than it (PI, 8, fig. 3, p, in, and fig. 5, jj). Langley was the

first to demonstrate the diminution of granules during activity
;

he also stated that the cells become clearer at their bases.

Later Bensley, Zimmermann (30), and Theohari (23) showed

that the basal clear zone is occupied by ergastoplasmic fibres

(prozymogen of Macallum (19)). These observations I can

confirm in the cat. The swelling of the granules during diges-

tion appears to be a stage in the conversion of zymogen into

soluble ferment and occurs more rapidly than the formation
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of new graniiles. Hence the diminished reticulated area, and

the absence of any increase in the size of the cell, contrary to

Heidenhain's observation.

(2) Mucoid Cells.—This other type of central cell has

somewhat finer granules, and when fixed they are replaced

by a fine reticulum (perhaps a precipitate) (PI. 8, fig. 3, m, xx,

XXI h). No granules ever remain intact after fixation. In the

fresh condition these granules are more rapidly dissolved by

reagents than those of the peptic cells ; this, perhaps, partly

explains the entire absence of granules after fixation. Mucoid

cells occur mainly in the superficial half of the gland-tube,

but are interspaced among the coarser reticulated peptic cells

towards the deeper part, and may be found throughout the

whole gland-tube. In places a portion of a gland may be lined

entirely by these cells. In form they are roughly globular,

but variations in shape occur according to their position and

fit in the tubule (PI. 8, fig. 5, m).

Their staining reactions render them distinctive. They are

coloured a pale blue by alcoholic eosin and methylene blue,

a pale magenta by polychrome methylene blue, and a deep

blue by Mallory ; as is the case with the fasting peptic cells,

they are unaffected by haematoxylin. When a definite reticu-

lum is present it stains blue with Mallory, but in some of the

cells the basal portion takes on a brownish or even reddish

tinge. When there is no reticulum the precipitate-like material

invariably stains blue.

The nucleus is small and compressed against the base of the

cell : it is generally deeply stained. Changes during digestion

consist in the cell becoming first larger and later smaller and

staining less heavily with Mallory, while the nucleus appears

to be a little more prominent. Mucoid cells are most marked
in the boundary zones, where they are continuous v^dth the

cardiac cells on the one side and the pyloric cells on the other.

(3) Oxyntic Cells.—In the cat these cells are mostly

found wedged in between the central cells with a corner

abutting on the lumen ; nevertheless, they lie sufficiently far

outwards to be termed parietal cells. They are most numerous
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in tho superficial luilf of the gland, and may form the sole

lining of a ])ortion of the gland-tube. They may be found even

bt^twecn tlie columnar cells of the gland-duets. In shape

(judging from vertical and transverse sections) they are roughly

pyriiinidal, but there are many variations from ovoid to

crescentic. Unlik(» the peptic and mucoid cells the granules

of the oxyntic cells are very tine, and are not readily attacked

by reagents. They are fixed by all the methods empkn^ed
;

with osjnic a,cid those situated innnediately underneath the

membrane of the cell may be demonstrated to ])v lipoid in

character. Similar observations have been made by Bohm
and Davidoff (4) in the rat. The staining reactions of the

oxyntic cell-granules are as follows : red with alcoholic eosin

and methylene blue, haematoxylin and eosin and j\Iallory
;

pale })lue with polychrome methylene blue ; and dark brown

with osmic.

The nucleus is spherical and usually central. Occasionally

it is excentric or there may be two nuclei within the same cell.

A number of the cats examined showed the presence of

parasitic spirochaetes (Lim (18)). These organisms were

sometimes found within oxj^itic cells in what appeared to be

a single dilated canaliculus, continuity with the lumen of the

gland being demonstrated. Otherwise there was no histo-

logical disturbance. Vacuoles may often be seen within the

oxyntic cells of all animals.

With regard to functional changes, oxyntic cells appear on

the whole to become larger (Heidenhain) during digestion

and their granules more easily distinguished, being less closely

packed together and probably fewer in number. The differ-

ence, however, is not marked, and ma}" be partly due to

shrinkage of the central cells.

It ought to be noted that oxyntic cells occur throughout the

whole stomach, being absent only some 8 mm. from the

oesophagus and about 15 mm. from the pyloro-duodenal

junctiono The oxyntic cells of the pyloric boundary zone are

somewhat small in size and are situated mainly in the super-

ficial portion of the gland ; they are probably primitive in
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character. These have already been described in other animals

(Stohr (29), Trinkler (23), Nussbaum (20)). Nussbaum, how-

ever, does not consider these smaller cells to be the same as

oxyntic cells.

General Consideration's.

These observations show firstly that the term ' chief ' or

' central ' cells is inadequate, since there are two types differing

widely from each other. Secondly that the cells of the cardiac

and pyloric regions are similar in structure and of the same

characteristics as the mucoid cells of the fundus. Thirdly that

the fundus is the all-important region of the stomach from

the point of view of the secretion of gastric juice, the other

two regions being small by comparison and containing no

recognizable zymogen-secreting cells.

Let us first consider the characters of the two types of central

cells. We have seen that the peptic cell is granular (or reticu-

lated) and that after a period of activity the granules diminish

in number and are replaced at the base of the cell by ergasto-

plasmic fibres. In the case of the mucoid cell the cytoplasm

is also granular (when fresh), bui functional changes do not

cause any alteration in its architecture. The nucleus of the

peptic cell at rest is irregularly rounded or ovoid, and is applied

against the basement membrane, but during digestion is more

regular in outline and frees itself from the base so far as to

occupy a more central position. The mucoid cell-nucleus, on

the other hand, is not markedly changed either in shape or

position. There are also the differences in staining reactions.

The peptic cell is coloured in an entirely different manner
from that of the mucoid cell (compare m and p, PI. 8, fig. 3).

This difference is manifested not with one staining method
alone but with several, although Mallory's is the best for the

purpose. Both types of central cell may be seen in man, dog,

and rabbit (and also in the frog) ; they are probably common to

all mammals.

There can thus be no doubt regarding the separate existence

of these two types of cells. Edinger's theory that all the
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varieties of cells found in the stomach are functional modifica-

tions of one type is untenable. Tt is impossible to reconcile

this view with the differences in structure and reactions in

both fasting and feeding animals.

Heidenhain (13) long ago observed that some chief cells

stain more readily with aniline blue than others —and referred

this to functional changes. This was later confirmed by Green-

wood (12) in the pig's stomach : she suggested that the ' clear
'

cells might be mucus cells, thus anticipating the results of two

subsequent observers. Both Bensley and Cade have distin-

guished two types of central cells (older observers from

l^jdinger (9) and Pilliet (22) downwards have found various

modifications of the central cells but not separate types),

which appear to be similar to the peptic and mucoid varieties

described here. Bensley was the first to note that the cells

of the ' neck ' region of the fundic glands stain in the same

manner as mucus-secreting cells ; these cells he termed ' in-

dulinophilous mucous cells '. Cade confirmed Bensley's finding

with indulin and called them ' cellules principals du col '.

In the cat the neck region is lined by oxyntic and transitional

cells, i.e. cells which have almost lost the division of the

cytoplasm into two zones so characteristic of the surface

mucous cells (see PI. 8, fig. 5, t). It is the portion of the gland

below the neck, therefore, that is lined chietiy by mucoid

cells (see PI. 8, fig. 5). Bensley (2) does state, however, that

an occasional ' indulinophilous cell ' may be found among the

central (peptic) cells of the deeper part of the gland, and from

an examination of his figures (PL 8. fig. 6) it is clear that the

neck region he describes includes the superficial portion of the

gland. To him credit is due for their discovery, although

a more definite description and wider distribution of the mucoid

cells must now be recognized.

' Mucoid ' cells are described in only two text-books in

English, Schafer's ' Essentials of Histology ' (25), and the

American edition of Bohm and Davidoff, translated by Huber

(4). Of continental works I can only find a mention in Prenant,

Bouin, and Maillard (23), who ha^e an excellent diagram in
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their text-book of Histology showing typical mucoid cells

—

svhich they hesitatingly label ' cellules principales muqueuses ?
'

—to illustrate the mucus cells of Bensley. It is evident,

therefrom, that hitherto the distribution and even the existence

of mucoid cells have scarcely been recognized.

The names ' peptic ' and ' mucoid ' have been chosen for

obvious reasons. The structure of the peptic cell is charac-

teristically that of a zymogen-secreting cell, and by the term
' chief ' or ' central ' this cell was meant, so that there is no

need to dispute its function. The term mucoid is applied

because the cell resembles other mucus-secreting cells, but it

is not identical either with the mucus-secreting cells lining

the surface or with the goblet cells of the intestine (compare

cells m and s in PI. 8, fig. 8 ; also see Lim (17)).

We may next consider the relation between the cardiac,

pyloric, and mucoid cells. We have seen that there is little

or no difference structurally between the two former (cardiac

and pyloric) cells, and that the mucoid cells resemble them in

most respects except position. They are stained in the same

way, and their structural characters are very similar both

during rest and activity. The cardiac and pyloric cells show

in some animals a reddish basal reticulum ; this may or may
not constitute a difference, although it is to be noted that the

reticulum is more frequently absent than present. Lastly,

they are continuous with each other, for cardiac cells can be

traced into the fundus in the form of mucoid cells : the same

applies to pyloric cells. The close resemblance which thus

exists ])etween these three types (they are all ol)viously mucoid)

presumes a similarity in their functions.

The striking differences in structure between the peptic

and pyloric cells have been quite missed by all the workers

on pyloric pouches, and it is possible that their histological

examination was inadequate to ensure the purity of the

pouches which they made. But apart from this the suggestion

that pepsin is secreted by cells which are not typical of the

zymogen-secreting type calls for a closer investigation into

the origin of the secretion of the pyloric pouches.
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Summary.

The gastric miicons membrane is principally formed by

relatively simple tubular glands winch become more complex

near the orifices of the viscus, especially near the pylorus.

The glands are lined by one or more kinds of cells : the following

types may be recognized :

1. Surface mucus-secreting cells, which include the cells

lining the surface and the gland-ducts leading therefrom.

2. Mucoid cells, of which there are two closely allied groups,

viz. :

(a) The cardiac and pyloric cells which form the sole lining

of the glands within about 0-2 mm. and 15 mm. of

the oesophageal orifices respectively.

(h) The mucoid cells proper, which occur in the large inter-

vening region (fundus) where they are intermingled

with the peptic and oxyntic cells ; they chiefly

occupy the superficial or upper part of the gland-tube.

B. Peptic cells, which are found (often in conjunction with

mucoid cells) within the deep part of the gland : both peptic

and mucoid cells were formerly described as ' chief ' or * central

'

cells.

4. Oxyntic cells, which chiefly occupy the upper portion of

the gland where they are found between the mucoid cells
;

in the deeper portion of the gland they take up a parietal

position.

The interglandular tissue contains basiphil connective-tissue

cells, oxyphil leucocytes, and a few cells with large eosinophil

globules.
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PART II. THE GASTRIC MUCOID CELLS OF FOETAL
AND NEW-BORN ANIMALS.

The stomachs of two Htters of new-born and of one foetal

cat have been examined, and in addition those of three still-

born children and one four months' human foetus. The method

employed was acid formol fixation ; the staining was effected

with either Mallory's stain or Heidenhain's iron haematoxylin.

Cat.

In a foetus of about six weeks the stomach exhibits

a simple lining of columnar epithelium, which is entirely

NO. 262 P
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devoid of a superficial mucous portion. The cytoplasm stains

reddish with Mallory. Only a few invaginations represent the

primitive gland-tubes.

At birth short simple gland-tubes are present. They are

lined by oxyntic and mucoid cells. Some of the latter are

wholly, others are only partially, mucoid, having a portion

of non-mucoid (red-staining with Mallory) cytoplasm within

the basal hiilf of the cell. The surface cells are similar to those

of the adult.

One week after birth the glands are larger and the

oxyntic cells more prominent. Mucoid cells are present in

large numbers ; a few developing peptic (?) cells are visible.

These show no mucoid reaction ; they are coloured principally

by the red and brown dyes in Mallory's mixture. The pylorus

is now becoming defined ; it contains only mucoid cells.

Three weeks after birth the peptic, nmcoivl, and

oxyntic cells are all plainly evident ; the appearance of the

mucous membrane now approximates that of the adult.

Human.

In a foetus of about four months the stomach is lined by

a mucous membrane of the simple type, l)earing only short

gland-tubes. These are forjned partly by jnucoid and partly

by red-staining non-mucoid cells ; oxyntic cells are as yet

absent. The junction between the stomach and the duodenum

is sharply marked off by the pyloric sphincter, but the mucous

membrane does not show a corresponding division. The

pyloric portion of the stomach for some distance from the

actual muscular junction contains both goblet and columnar

cells with striated borders. The glands are wholly mucoid.

At birth peptic and oxyntic cells are fully developed : the

glands are much longer than at four months and altogether

more like the adult.

Conclusions.

It is quite clear that the gastric glands are in the first

instance formed of non-mucoid, red-staining cells. Later these
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cells become mucoid in character throughout the whole

stomach. The next type to differentiate is the oxyntic, and

at a later stage still comes the peptic.

Peptic cells are present in the human foetus at birth, but

in the cat do not appear until between the second and third

week after l)irth. 'I'his difference may give an important

clue to the function of the fundic mucoid cells, for it has been

observed that the new-born human stomach contains pepsin

while the stomach of the new-born cat contains none, and does

not exhibit a ferment until the third week after birth ((Ham-

marsten 1874, Zweifel 1874, Morrigia 1876) quoted by Moore

(2), Sewall (3)). Obviously pepsin is not secreted by the mucoid

cells.

These cells are essentially primitive, or at least less specialized

than either the peptic or oxyntic. Cade arrives at a parallel

conclusion from an entirely different point of view (1). He
found that oxyntic cells disappear and peptic cells lose their

granules in the vicinity of gastero-enterostomy openings, and

all the cells appear mucoid in character. He thus inferred that

the altered conditions had caused the specialized cells to revert

to the more primitive mucoid cells. In cats I have been able

to confirm Cade's observation completely.

Thus while the mucoid cells are undoubtedly a definite variety

of the gastric gland-cells they are closely allied to the peptic

cells to which they give rise in early and perhaps in later life.
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PART in. THE GASTRIC MUCOID CELLS IN MAN,

DOG, RABBIT, AND FROG.

The gastric mucous membrane of several species of animal

has been examined in order to compare the histological features

and the distribution of the mucoid-reacting cells in each

P 2
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species, and to determine the general relationship which exists

between the mucoid group and the peptic cells of the fundus.

The technique employed is similar to that referred to in Part I.

The material was invariably obtained from the newly-killed

or from the living anaesthetized anijnal. Human material

came partly from the operation table, partly from the post-

mortem. Acid formol fixation and Mallory's and Heidenliain's

methods of staining were the routine procedures.

The Mucoid Cells of the Fundus.

Human.—In man mucoid cells are abundantly present.

Thej'^ have the same characteristics as those of the cat except

that their cytoplasm is more homogeneous and stains a lighter

blue with Mallory. Their distribution is somewhat different
;

they form the entire central lining of rather less than the super-

ficial two-thirds of the secreting tubule—hence their regular

cubical outline. This portion of the tubule is thinner than the

deeper portion which (with rare exceptions) contains typical

])eptic and oxyntic cells. A few tubules are lined throughout

their whole extent by mucoid cells. There is not the same

amount of intermingling between the mucoid and peptic cells

as in the cat, and thus the mucoid portion of the tubule is more

easily defined, especially since it is narrower than the peptic

portion.

Dog.—The mucoid cells of the dog are intermediate in

appearance between those of man and the cat. In some

individuals the cytoplasm is almost homogeneous and stains

lightly with ]\Iallory ; in others it is more reticular and stains

heavily as in the cat. This may be due to functional changes.

The distribution of the cells, however, shows fewer mucoid cells

in each tubule, i.e. they line less than the superficial half; nor

do the mucoid and peptic cells intermingle to any great extent.

The widening of the calibre of the deep portion of the tubule

occurs gradually as in the cat, but nevertheless the mucoid

and peptic portions are sharply marked off from each other.

Eabbit.—The mucoid cells of the rabbit stain faintly

blue with Mallory and are nearly homogeneous ; they appear

like those of man. They are not easily made out since they are
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hidden by the numerous overlapping oxyntic cells. This

seems to be a very characteristic feature in the rabbit and

accounts for the shape of the cells being very irregular. These

cells occupy the superficial three-fourths of the tubule, but

there is a good deal of intermingling with peptic cells. The

deep portion of the tubule rarely shows mucoid cells. This is

best shown in iron-haematoxyhn-stained sections of the actively

secreting stomach, the presence of the overlapping oxyntic

cells making it difficult to examine the more centrally situated

cells. In the above preparations the peptic cells alone are

clearly stained on account of the marked development in them

of ergastoplasmic fibres. The mucoid cells are left unstained

by iron haematoxylin. The proportion of mucoid to peptic

elements in each tubule varies in different parts of the fundus
;

from two-thirds to four-fifths of the whole tubule may be

mainly mucoid.

Frog (Eana temp or aria).—In the frog's stomach only

oxyntic and mucoid cells are to be seen. The latter have

a clear cytoplasm which stains a faint blue with Mallory.

They are found in the superficial third of the gland-tube and

rarely extend to the deeper parts.

The Cardiac and Pyloric Mucoid Cells.

The cells forming the cardiac and pyloric glands are so

similar in appearance and staining reactions that they may be

grouped together for consideration. They differ from the

mucoid cells of the fundus in their regular shape and in some-

times exhibiting a red-staining reticulum with Mallory. The

extent of the cardiac and pyloric zones along the two curvatures

of the stomach have been measured and are set forth below.
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Human .—The pyloric cells of man resemble those of the

cat in everj'^ respect except that they are longer and stain more

lightly. Sufficient material was not available from which

measurements of the cardiac and pyloric regions could be made.

Dog.—There are no pure cardiac glands in the dog. Oxyntic

cells may be found at the cardio-oesophageal junction along

both curvatures, while peptic cells are present within 2-3 nnn.

of the junction. In this small zone the cells are longer but

otherwise show the same features as those of the cat. Kace-

mose glands are very constantly present ; they extend fron)

the oesophagus into the cardia under the muscularis mucosae.

Their acini are mucous with a few serous crescents here and

there. They are thus not to be considered as cardiac glands,

but as part of the salivary apparatus which occurs abundantly

in the mucosa of the oesophagus.

The pyloric region extends for about 40 mm. along the greater

curvature and 45 mm. along the lesser. The boundary zone

bearing full-sized oxyntic cells and pyloric cells occupies only

about 2 mm., but small (primitive) oxyntic cells may be

observed especially at the neck of the glands within 20-5 mm.
of the pylorus. The cells, like the cardiac group, resemble

those of the cat—the red-stainiiig reticulum being more

constantly present ; this is best seen in those near the

duodenum.

Eabbit.—There are few cardiac glands corresponding to

those seen in the cat. These usually occur along the lesser

curvature, occupying a small zone of about 2 mm. distal to

the oesophagus. Along the greater curvature and sometimes

along both curvatures oxyntic cells may be found right up to

the cardio-oesophageal junction. When the cardiac glands

are present the cells which form them are not typical. They

onlj^ show a faint mucoid reaction near the surface ; elsewhere

the cytoplasm is both granular and reticular, and stains reddish

with Mallory. The condition appears to be an exaggeration

of the ' red reticulum ' seen in the cat and other animals.

In addition to this peculiarity glands of the racemose type are

also met with under the muscularis mucosae. Thev extend
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(along the lesser curvature) for only a very short distance

(about 3 mm.). The acmi are mainly serous, a few being

mucous ; the cells lining the terminal ducts have granules

in striae and have centrally-placed nuclei. True mucoid and

peptic elements are present beyond the cardiac area described

above, the former forming a boundary zone of about 3-4 mm,
with the oyxntic cells before the latter are met with.

The pyloric region is somewhat larger than that of the cat,

since oxyntic cells are only seen about 35-40 mm. from the

duodenum (see table, p. 207). There is almost no boundary

zone ; the peptic cells appearing a few millimetres beyond the

oxyntic. The gland-cells are more mucoid than those of the

cardia, but like these show a well-marked non-mucoid basal

area.

Langley (5) described the cells of the rabbit's fundus along

the greater curvature as being finely granular and similar in

appearance to the pyloric cells, while the cells of the remainder

of the fundus are coarsely granular. I have not been able

to make out this distinction, but perhaps Langley took the

superficial mucoid cells to be the only kind of central cell

and failed to see the peptic (coarsely granular) cells in the

deepest part of the mucous membrane.

Frog.—There are no true cardiac glands in the frog ; the

peptic cells merely stop short at the end of the oesophagus

while mucoid and oxyntic cells make their appearance. The
pyloric region extends about 3-4 mm. from the duodenum

;

its gland-cells are not different from the mucoid cells of the

fundus.

General Conclusions.

The results of this investigation confirm those of Bensley (1)

and more especially those of Cade (2), who has examined all

the species dealt with here. They show that the fundic

mucoid cells vary slightly in appearance in different animals,

and that their distribution in the tubule is roughly about the

superficial half. From the study of new-born cats it is found

that the peptic cell arises from cells of the mucoid type. This
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is also pr()l)tibly true; for animals other than the cat, since the

peptic cells are invariably found in the deep or blind end of the

tubule, which may be considered to have d(n'eloped last.

This encourages the view that the mucoid cell gives rise to the

peptic cell, without suggesting that the latter is merely a func-

tional phase of the former. Mucoid and peptic cells are

undoubtedly different functionally and structurally. In this

connexion it is noteworthy that mitoses have never been

observed in peptic cells, while they have been seen in mucoid

and more frequently in oxyntic cells. In short the mucoid cell

is a stage in the genesis of the peptic cell. Transitions from the

one state to the other are difificult to demonstrate, but con-

sidering the differences, slight though they may be, which occur

in the mucoid cells of the same and of different animals, and

especially the occurrence of the basal ' red-staining ', the gap

in the genesis of the peptic cell is perhaps partially filled.

Looked at in this light, the observation of Cade on the retro-

gression of the peptic cells in the vicinity of gastero-enterostomy

openings (see Cade (2) and Part II of this paper) may be

translated as the inhibition of ])eptic cell-formation and the

arrest of its genesis in the mucoid stage.

Utilizing the above hypothesis, the cells of the cardiac and

pyloric glands may be regarded as cells w^hich have been

prevented from attaining full development by the conditions

existing at the orifices of the stomach.

The relationship between the \'arious gastric cells maj-

therefore be classified as follows. The mucoid cell of the fundus

forms the lowest functional type, for it apparently does not

secrete pepsin. The cardiac and pyloric cells are a little more

advanced, since Klemensiewicz (4) and Heidenhain (3) have

shown that the pyloric region secretes a proteolytic ferment.

Structurally these cells show the basal ' red-staining ' more

constantly (especially in the rabbit) than the mucoid cell, and

this may be taken as indicating a certain degree of zymogen

formation. The cardiac cells may not function exactly as the

pyloric cells do, but they are at least cells of the same develop-

mental order, and thev constitute such a small element in the
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animals under consideration that they probably have no

physiological significance. The peptic and oxyntic cells are

the most highly specialized.
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EXPLANATION OF PLATE 8.

(All are from the cat.)

Fig. 1.—A cross section of a gland-tube from the cardiac end of the

stomach along the lesser curvature, about 1 mm. from the oesophagus.

Animal killed fourteen hours after last meal. Acid formol fixation ;

stained with Mallory.

Fig. 2.—A cross section of a gland-tube from the cardiac end of the

stomach along the lesser curvature, about 6 mm. from the oesophagus.

From the same preparation as fig. 1. m, mucoid
; p, peptic ; o, oxyntic.

These cells are in the resting condition.

Fig. 3.—Cells from the glands of the middle region of the stomach.

s, surface mucus- secreting cells ; m, p, as in fig. 2.

XX, Cat 20 ; 14 hrs. ; Altmann's fluid ; Mallory. The peptic cell on

the left is somewhat homogeneous (granules intact), while the cell on the

right shows the more usual reticulated appearance. Note the cytoplasm

of the mucoid cell.

I, Cat 1 ; 1 hr. ; acid formol ; alcoholic eosin and methylene blue.

The granules in the peptic cell are imperfectly preserved ; the cytoplasju

stains intensely in a blotchy manner. Note the almost homogeneous

appearance of the mucoid cell.

Ill, Cat 3 ; 6 hrs. ; acid formol ; very dilute polychrome methylene blue.

The peptic cell here shows well-marked ergastoplasmic fibres and zymogen

granules, and is in striking contrast with the mucoid cell.

XXI a. Cat 21; 24 hrs. ; acid formol ; iron haematoxylin.
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XXI b, same tissue ; Mallory. The peptic cells show a wcll-inaiked

reticulated appearance. Note that the mucoid cells also show a reticulum.

Fig. 4.—Cross section of a pyloric gland from the lesser curvature about

l!>miii. from the pyloro-duodenal junction. Cat. 21; 24 hrs. ; acid

formol ; iron haematoxylin. The sparse reticulum which can be seen here

stains red with Mallory.

Fig. 5.—A longitudinal section of a gland-tube from about the middle

of the greater curvature. Cat 3 ; 6 hrs. ; acid formol ; Mallory. 8, m,

p, o, as in figs. 2 and 3 ; t, transitional cells ; </, cell containing large

eosinophil globules. This drawing gives an idea of the distribution of

the various cells which compose a gastric gland-tube in the fundic region.

The cells are in an exhausted condition. Compare the mucoid cells with

the peptic, and also this figure with fig. 2.
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On the Labral Glands of a Cladoceran (Simo-

cephalus vetulus), with a description of its

mode of feeding.

By
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Demonstrator in Zoology, Imperial College of Science,

South Kensington.

With Plates 9, 10 and 2 Text-figures.

Leydig (12) in 1860 was the first worker to point out that

the possession of labral glands is common to all the Cladocera.

In 1846, however, Schodler (16) had observed that in the

labrum of Acanthocercus there exist paired glandular

bodies; he states, ' Im sog. Labrum (des Acanthocercus)
glauben wir ein paar rundliche, fast nierenformige Conglomerate

als driisige Korper (vielleicht als Speicheldriisen, glandulao

salivales) ansprechen zu miissen '. Glaus (3) in 1876 mentioned

these glands in his work on the anatomy of Daphnids, and

later Cunnington (5) in 1903 described them in Simo-
cephalus sima (Simocephalus vetulus).

Among the other Phyllopoda, Claus (4) in 1886 mentions and

figures the glands in B r a n c h i p u s and A r t em i a . Kefer-

ring to the labrum he states :
' endlich in dem terminalen

Theil die grossen als Speicheldriisen gedeuteten Driisenzellen,

deren Ausfuhrgangsoffnung und Driisenstructur auf Quer-

schnitten leicht zu constatieren sind '. Sars (15) states that

these glands exist in Limnadia and Limnetis, and in

his figures of other Phyllopoda large cells are indicated in the

interior of the labrum.

With regard to the anatomy Claus (3) was the first to give

a description in any detail, but apart from this the only descrip-

tion at all complete is due to Cunnington in his description of

the glands in Simocephalus sima. Claus considered that
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lilio glands could bo separated into two groups, tlic lirst group

lying under the brain and over the oesophagus and the second

grou}) consisting of very large cells lying nearer the tip of the

lal)runi. The first group sent out a long thin efferent duct

which, after making many twists, allowed the exit of the

secretion in front of the mouth. Cunnington's description

differs essentially from this in that he could not obserAC a duct

from the first group but did observe an efferent duct from the

second group. Cunnington also distinguishes two groups of

cells—a proximal group of several small cells and a distal

group of large cells. The proximal group, he states, lie close

against the chitinous cuticle and are obviously modified

epidermal cells and possibly act as replacement cells, taking

the place of cells in the distal group when these lose their

secretory power. The latter group usually consists of four

colls only and these are placed one behind the other, the most

extreme possessing a duct opening on the inner side of the

labrum. They have characteristic nuclei, which are shaped like

a hollow bowl and thus appear circular or semi-circular in

section. The secretion is formed in the neighbourhood of the

nuclei in the form of little drops which fuse to larger drops

or rods or bands and pass to the exterior. Cunnington suggests

that the duct of the extreme cell of the distal group acts as

a connnon duct for the whole group.

Methods.

For Simocephalus vetulus the best fixative was

found to be cold saturated sublimate in distilled water. This

gave excellent fixation and did not produce distortion as did

most other fixatives. Good results were also obtained with

a mixture of equal parts of saturated sublimate in distilled

water and 1 per cent, osmic acid. This mixture, a modifica-

tion of Mann's fixative, was allowed to act for about an hour.

In comparing Simocephalus with other Cladocera, it was

found that for Daphnia the best results were obtained with

subhmate acetic acid, while for Graptolebris and Camp-
tocercus Carnoy gave the best fixation. A young Chiro-
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cephalus metanauplius was fixed in cold saturated

sublimate and M^as found to be very well fixed.

Ehrlich's haematoxylin was used considerably for staining.

Iron haematoxylin gave too intense a stain for the gland-cells.

The best differential stain, however, was obtained by. using

Mallory's triple method for connective tissue.

The fixed material was embedded direct into paraffin and

cut 8 jw.

On the Anatomy of the Labral Gi^and.

The two groups of gland-cells, as described by Cunnington,

were found to be very distinct and will be described separately,

but before doing so the extent and position of the labrum must

be stated. The labrum, or upper lip, is an immediate prolonga-

tion backwards of the ventro-posterior part of the head, passing

ventrally to the two laterally-working mandibles and ending

under the maxillae which are immediately behind the mandibles.

When viewed from the ventral side it may be described as

dagger shaped, but its contour is peculiar and reference must

be made to Text-fig. 1, which is a ventral view of the animal

as it is seen resting normally in a watcti-glass, and to PI. 10,

fig. 13 which is a diagrammatic lateral view of the animal.

Anteriorly the labrum is marked off from the dorsal part of

the head by a groove on eaclx side (PI. 9, fig. 3) which extends

forward to the level of the nauplius eye and then expands

dorsally into the bay from which arises the second antenna.

In the living animal the labral glands can be seen indistinctly

in the anterior part of the labrum and are of a pale-yellow

colour, as was observed by Leydig (12).

Proximal Group.,—This consists of two laterally placed

groups of epidermal cells which almost meet in the mid-ventral

line between the first antennae. Each group commences just

in front and close to the ganglion of the nerve to the first

antenna (PI. 10, fig. 13), and extends postero-dorsally over

a lozenge-shaped area lining the lateral cuticle of the labrum

as far back as the labral nerve (Pis. 9 and 10, figs. 1-4 and 13).

Each group consists of about twenty cells, and the nuclei of these
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vary in size, being smallest at the base of the first antennae and

largt^st about the centre of the group. The nuclei are usually

about 20^ long, but the smallest are never less than half this

Text-fig. 1.

umll

iSemi-diagrammcatic ventral view of Siniocephalus vetulus.
The thick dotted lines ending in arrow heads on the animal's

left side indicate tlie direction and extent of the normal move-
ment of the appendages figured on that side.) adg, anterior

pair of distal gland-cells ; ant 1. first antenna ; ant 2, second

antenna ; C(K connexion between anterior and posterior pairs

of distal gland-cells ; en 3, proximal endite of third trunk-Umb

;

ex 2, exopodite of second trunk-limb ; gn 2. gnatho-base of

second trunk-limb ; k 1, k 2, k 3, branchiae of first, second, and
third trunk-limbs respectively ; Z, labrum ; w^f>, mandible ; ni.r,

maxilla
; ixly, posterior pair of distal gland-cells ; pg, proximal

gland ; // 1, 11 2, tl 3. first, second, and third trunk-limbs

respectively.

length. For comparison it may be stated that the length of

the nuclei of nerve-cells or of muscle-cells, which are of very

uniform size and oval shape, is 4fx. Thus the volume of these

large gland-cell nuclei must be many times, at least twenty



LABUAL GLANDS OF SIMOCBPHALUS 217

times, that of the nucleus of a nerve- or muscle-cell. The

chromatin in these nuclei is distributed fairly evenly in small

clumps (PI. 10, fig. 9), and there is a conspicuous oval nucleolus

Avhich stains red with Mallory's stain. The cell outhnes are

not distinct, hut where one would expect the cell boundaries

to be there are accumulations of large clear vacuoles (PI. 10,

fig. 9), undoubtedly the secretory product of these cells. In

the peripheral cells of this group the cytoplasm is not very

vacuolated, the vacuoles being very markedly intercellular
;

but more centrally and towards the anterior end the whole of

the cytoplasm of the cells is full of small vacuoles while the

larger vacuoles lie in between the cells. In this region the

proximal group is seen to be attached to the distal group of

gland-cells (Pis. 9 and 10, figs. 3 and 9).

The proximal group is supplied by a small branch of the nerve

to antenna 1 which comes off very near to the brain. There

is no elTerent duct from the proximal group as described by

Claus.

The Distal Group.—The distal glands (Text-fig. 1) on

each side consist of five cells, four gland-cells and a duct-cell.

The gland-cells are arranged in two pairs situated anteriorly

and posteriorly, connected with each other—the hinder pair

embracing the duct-cell.

The anterior pair of cells are in direct connexion with the

posterior side of the nerve to the first antenna at a point a little

further from the brain than the branch to the proximal group

(Pis. 9 and 10, figs. 2 and 13), and there is a conspicuous group

of nerve-cells in the nerve in this region (PI. 9, fig. 2). Laterally,

as stated above, these cells are connected with the proximal

group, and at this point the vacuolated cytoplasm of the

proximal gland-cells is seen to be continuous with that of the

distal gland-cells, the vacvioles passing freely from one group

to the other (PL 10, fig. 9). The peripheral cytoplasm, except

at this point of juncture, is denser than that in the interior of

the cells, and is free from vacuoles of secretion (PI. 10, fig. 9).

There is no distinct division between these two cells, but in

between the two nuclei there is a confused mass of vacuoles.
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Centrally these vacuoles coalesce and form an irregularly flat,

ill-defined reservoir (PI. 10, fig. 9). The vacuoles are not very

transparent, and in passing from the proximal glands to these

two cells of tlie distal glands one can see the \acuoles becoming

mor(^ opaque.

The nuclei are not cup-shaped as Cunnington (5) stated to be

the case generally with the nuclei of the distal glands, but are

roughly spheroidal (PI. 10, fig. 9). Their diameter is not usually

so great as the length of the largest nuclei in the proximal

group, but there is probably not much difference between the

volumes of these nuclei. There are larger clumps of chromatin

in the nuclei than in those of the proximal group, and also the

nucleoli, which stain red with Mallory's stain, are about twice as

large. But there is also a diffuse scattering of chromatin all

through the nucleus which gives it a much darker appearance

in a stained preparation.

These two anterior cells of the distal group are connected by

an attenuated process with the two posterior gland-cells

(Text-fig. 1 ; PI. 10, fig, 13). The reservoir in the anterior

pair is not continuous as a duct through this drawn-out con-

nexion, but vacuoles are to be seen here, so that presumal)ly

the secretion can pass from the anterior to the posterior pair

of cells. This connexion is always attached to the dilata-

tor as oesophagi (PI 9, fig. 4), and its middle point is

a httle posterior to the labral nerve loop (Pis. 9 and 10, figs. 4

and 13).

The nuclei of the posterior pair of gland-cells are cup-shaped,

as Cunnington states. Most of the nucleus forms a thin lamella

but there is usually a swelling in the region of the nucleolus

(PI. 10, fig. 12). This is large and usually flat and shows the

same staining reactions as the nucleoli of the other gland-cells.

The chromatin is gathered together in clumps as shown in

PI. 10, fig. 10, but a more irregular clumping as shown in

PI. 10, fig. 12, is more characteristic.

The cytoplasm is pervaded with vacuoles of secretion which

are opaque to varying degrees, and these are very conspicuous

in the hemispherical recesses formed by the nuclei. As before,
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there is no distinct, division between these two cells, but the

nuclei are placed with their concave sides facing towards each

other and in between the two is a very conspicuous and clearly-

delined reservoir (PI. 10, figs. 10 and 12). This is apparently

formed of a flat plate of transparent coalescing vacuoles of the

secretion produced by the gland-cells.

Neither of these cells possesses an efferent duct as figured

by Cunnington, but posteriorly they embrace a separate duct-

cell (Pis. 9 and 10, figs. 6, 11, and 12). This cell has the form of

a tube opening to the exterior at its posterior end and anteriorly

opening into the reservoir of secretion. The lumen of this tube

is often flat (PI. 10, fig. 11) especially at its posterior end. The

nucleus of this duct-cell stains very lightly and is small compared

with that of a gland-cell, although it is slightly larger than that

of a nerve- or muscle-cell. The cytoplasm stains very lightly

and is not vacuolated.

In sublimate material there is in the secretion reservoir

a granular coagulum which stains faintly blue with Mallory's

stain, while in the lumen of the duct-cell it stains red. Pre-

sumably the cytoplasm of the duct-cell alters the constitution

of the secretion in some way, so that its staining reaction when
fixed is changed. A section through the duct-cell at its anterior

part shows the secretion in contact with the walls of the tube

staining red, while that more centrally placed, which has not yet

been acted upon by the duct-cell, still stains blue. The external

apertures of the duct-cells form two small slits on the side of

the labrum near its tip (PI. 9, fig. 7) where the latter is com-

pressed laterally. They are situated a little towards the dorsal

surface of the labrum and are ventral to about mid-way
between the mandibles and maxillae.

In other Daphnids studied it was not found possible to obtain

preparations sufiiciently well fixed on which to base critical

considerations, but it is evident that the same ground-plan

underlay all the cases studied. In Chirocephalus, however,

the results obtained are very good and agreed comparatively

well with Claus's (4) figure for Branchipus. The proximal

group is very scattered and ill defined. Its cells do not all line

NO. 262 Q
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the chitinons cuticle, but, however, they are connected with

the gland-cells of the distal group and loosely fill the anterior

part of the large labrum. The distal group is represented by

three pairs of gland-cells—two placed laterally and one medially

—slightly nearer the tip of the labrum. The nuclei of these

cells are very large but not cup-shaped. In each pair of cells

is a secretion reservoir which opens into the lumen of a very

conspicuous duct-cell just as in S i m o c e p h a 1 u s v e t u 1 u s

.

On the Manner oi- Feeding.

Simocephalus vetulus feeds on small particles and

planktonic organisms contained in a current of water which

it maintains over its mouth appendages. In observing the

animal it is usually on its back as figured in Text-fig. 1, but in

describing the method of feeding, to avoid confusi(m, the animal

will be assumed to be dorsal side uppermost

.

The valves of the carapace form an incomplete tube about

the posterior part of the animal, this tube being effectively

completed by the hairs along the ventral edges of the carapace

(Text-fig. 1). Posteriorly the tube is open to the exterior and

anteriorly it expands at each side of the labrum into the bays

from which arise the second antennae. Further, this tube is

incompletely divided into a dorso-lateral chamlier, which

includes the brood-pouch and in which are the branchiae,

and a median ventral food passage. The latter is bounded

dorsally by a well-marked food groove (PI. 9, figs. 0. 7, and 8)

which runs along the ventral side of the trunk. Ventral to

it are the hairs along the edges of the carapace while laterally

are the trunk limbs. The current of water carrying the food

passes in at the leases of the second antenna, and so passes

close to the first antemia on which are situated, according to

Scourfield (17), the supposed olfactory organs, and passes

out at the postero-Aentral angle of the carapace in the neigh-

bourhood of the anus.

The appendages chiefly responsible for maintaining the food-

stream are the first, third, and fourth trunk-limbs. Caiman (2)

states that the third and fourth pairs of trunk-limbs ' are
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characterized by the development of the proximal endite with

its comb-like row of setae \ These endites are placed almost

vertically with their setae pointing upwards into the food

groove. They diverge slightly from behind forwards and in

passing upwards towards the trunk they slope inwards. They

move in and out laterally. From the fact that they are nearest

together at their posterior end the outward movement sucks

in the water from before backwards. Since also they are not

placed vertically but are sHghtly further apart at their proximal

end than they are at the end of the comb of setae in the food

groove, the outward movement, in all probability, causes

a small backwash in a forward direction in the food groove.

Although the food current is produced mainly by the third

and fourth trunk-limbs the first also plays an important part.

The shape and arrangement of the first trunk-limbs can best

be seen from Text-lig. 1. Its setae form a curved shield over,

that is, ventral to, the second trunk-limb. In its normal move-

ment it synchronizes with the other trunk-limbs but is not in

the same phase. It commences its backward stroke just after

the other limbs begin to beat outwards. The outer part of the

limb moves in an arc of a circle with the tip of the labrum

as centre (Text-fig. 1) so that those setae which lie against

the side of the labrum scarcely move at all. The two limbs

together thus form a funnel-like entrance to the food passage

down the centre of which projects the labrum. The reason

for the retarded lateral movement of this pair of limbs is not

at all certain, but in all probability it is to secure a passage of

water over the branchiae.

The second trunk-limbs are pecuhar in possessing a large and

specialized processus m axillaris or gnathobase. Their

exopodites or outer branches lie over, that is ventral to, the

succeeding limbs, and their function is probably merely to

assist by their oar-like movements in maintaining the food-

stream. The gnathobases point inwards and are beset with

setae which point inwards and almost meet in the middle line.

On. each gnathobase there are ten setae. The posterior seven

point backwards while the anterior three point forwards. They
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are riura))erod in Text-fig. 2 from behind forwards. No. 1 in

very long, reaching back to the hind end of the body, and is

beset with long hairs. No. 2 is much shorter and ends in

a sniiih hook, and possesses a comb-hke row of minute closely-

set hairs over a little more than half its length on one side.

Nos. 3, 5, G, and 7 really form a series. They are short stout

setae ending in a brush-like tuft of hairs. No. 4 differs slightly

from th(^m in being shorter but terminating in a long thick

Text-fig. 2.

Gnathobase of second trunk-liinb of S i m o c e p h a hi s v c t « 1 u s

(for explanation see text).

hair projecting beyond the rest. Lilljeborg (13) does not

figure this difference. Nos. 8, 9, and 10 have the form of for-

wardly projecting combs. No. 8 is usually bent at an angle at

about its middle point, while Nos. 9 and 10 are curved. The

hairs on No. 8, which only occur on its distal half, are very

fine and regular, and are about tmce as closely set as those

on Nos. 9 and 10, which occur along the whole length of the

setae. During the movement of the second trunk-limb out-

wards and forward the gnathobase also moves upwards so that

its three anterior setae comb the side of the tip of the labrum.

When the limb is in its most forward position these three setae

have passed across the labrum on to the maxillae.

Each maxilla is armed with three setae which do not point

dorsally as figured by Cunnington (5), but point forwards along
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the food groove (PI. 10, fig. 13, and PI. 9 figs. 5 to 8). Each

seta is beset with a double row of hairs on its inner side. During

the movement of the maxillae the setae move backwards and

forwards and in their forward movement move inwards, so

that the hairs of the opposite setae meet in the food groove.

At the hinder margins of the biting surfaces of the mandibles

there are blunt spines (Pis. 9 and 10, figs. 6 and 13), while the

anterior parts are scored with vertical serrated ridges. The two

mandibles, which are never symmetrically apposed to one

another, appear to work like two cog-wheels fitting into one

another and thus crush the food and at the same time force it

forwards into the beginning of the oesophagus, up which it

rapidly passes by peristalsis.

The mechanism of the method of feeding is as follows

:

food particles in the food-stream, drawn in by the action of

the united movements of the trunk-limbs, are diverted towards

the median groove along the side of the labrum, by the first

trunk-limbs. At the tip of the labrum they are caught by the

anterior setae of the gnathobases of the second trunk-limbs

and brushed dorsally into the food groove above the tip of the

labrum and between the maxillae. The brush-like setae of the

gnathobase are in all probability the main agents in bringing

this about. The more anteriorly-placed comb-like setae which

brush the side of the labrum also assist in collecting the food

on to the maxillae, but their chief function seems to be to brush

the secretion of the labral glands on to the food as it collects

between the maxillae. Hardy and MacDougall (8) state that

when the food is swallowed it consists of particles
—

' which

are glued together by some sticky substance '. It is suggested

that this sticky substance is the secretion of the labral glands.

The food which collects as a bolus between the two maxillae

is now and again pushed forwards by the movements of the

appendages on to the mandibles. PI. 10, fig. 13, shows how the

hairs on the setae of the maxillae point forwards, and PI. 9,

figs. 6, 7, and 8, show how the hairs of the adjacent setae fit

together and so make an admirable broom for sweeping a bolus

forwards on to the mandibles. A movement of the maxillae
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is always followed iiimiediately by a movement of the mandihlefi,

but the latter rotate many times without any movement of the

maxillae, so that ])r()bably the maxillae ])ush forwards a large

bolus on to the mandibles and these gradually jjass it into the

oesaphagus.

Hardy and AlacDougall (8), referring to Daphnia, which is

no doubt essentially similar in its feeding to 8 i m o c e p h a 1 u s

vetulus, state that food particles are carried over the

mouth by a current of water and ' many of them adhere to the

sticky surfaces of the mouth appendages ', and that these

adherent particles are formed into a bolus by the movements

of th(^ appendages. To observe the method of feeding

these workers fed the Daphnids on milk, yolk of egg, and

carmine. When the anijuals are fed on anv of these substances

they always become dirty, the particles adhering all over their

bodies. With the former two substances they become greasy

and break through and adhere to the surface of the water.

It is thought that this is merely due to the presence of an

abnormally large quantity of food. In the normal animal,

feeding on its normal food, no particles are to be seen adherent

to the appendages. If the animal is at all moribund it soon

becomes covered M^th adherent particles.

If the animal be fed on milk—a drop of milk is carefully

placed at the bottom of a watch-glass containing the water in

wliicli the water-fleas are swinuning—the regular movement

of the appendages is often stopped while the setae of the first

trunk-limb are combed over the lateral surface of the labrum

to remove any jnilk adhering to it. Also by this method of

feeding a large amount of fatty drops collect in the food groove

posterior to the maxillae. These are in all probability drawn

there by the backw'ash previously mentioned that must pass out

along this groove. When this accumulation of food becomes

too great the labrum is raised by its levator nmscle—which

runs from the base of the labrum to the covering of the brain

—

the trunk is liexed forwards, and, with the caudal furca, the

accumulation is lifted out of the food groove and, by the

extension of the body, removed to the exterior.
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On the 1^'ungtion of the Labral Glands.

Home preliminary experiments of staining 8imocephalus
intra vitam suggested that further investigations might

ekicidate the functions of the labral glands. The experiments

which were accortlingly carried out did not prove of much use

in the direction expected, but were hiteresting and will be

described here.

Fischel (6) describes experiments on intra vitam staining

using, among other stains, alizarin, neutral red, Bismarck

brown, Nile blue sulphate and hydrochloride. In repeating

his experiments using the stains named, the only stains with

which successful results were obtained were neutral red and

Bismarck brown. It ma}^ be mentioned that these two stains

were Grlibler's chemicals while the others were not.

In I'ischel's figure of Daphnia magna stained intra

vitam with neutral red, there are figured two large red patches

in that region where the labrum should be drawn which

probably represent the labral glands. He states that these

glands are always to be found faintly stained in animals

stained intra vitam with neutral red. In adult Simo-
cephalus vetulus the most conspicuously-stained organs

in such animals are the labral glands and the body which

Fischel describes as a gland of unknown nature, which has

since been shown by Langhans (10) to be the end-sac of the

shell gland, and both these stain intensely. In the labral glands

both proximal and distal groups stain, but the duct-cell

remains unstained. The connexion between the anterior

and posterior pairs of cells of the distal group appears very

distinctly, and was at first thought to be a distinct duct. In

the gland-cells there appear accumulations of an intensely

staining material—these accumulations being often as large

as the nuclei of the cells. The reservoir of secretion which can

be seen in the living animal remains unstained.

Fischel maintains that the staming with neutral red is not

due to the staining of passive metabolic products but to the

staining of preformed elements in the protoplasm. In support
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of this he states :
' ist einmal die Granularfiirlmiig eiiigetroten,

so bleibt sie auch konstant, das Bild derselben ilndert sich in

keiner Weise, wie lange auch die Tiere beoljachlet werden

mogen. Und was ebenso wichtig ist.. farbt man eine grossere

Anzahl von Tieren, so weisen Zellen der gleichen Art stets auch

die gleichc Granuherungsart auf '. In the experiments on

Siniocephalus vetulus no such constancy was observed

in the labral glands. While these remained stained they did

not continually present the same appearance ; moreover, not

only did the glands of different individuals stain different!}'',

but the glands of the different sides of the same individual

stained differently, which is what one would expect from the

mobile, vacuolated nature of the protoplasm constituting the

labral glands. However, quite apart from this case, this con-

stancy in the appearance of a cell stained intra vitam with

neutral red does not agree with the fact that by such staining

methods the mitoclirondria are stained (Gatenby (7)). Lewis

and Lewis (11) have shown that not only do mitochondria

continually change their shape but also are continually shifting

their position.

If specimens are fixed in sublimate after staining intra

vitam with neutral red and dehydrated rapidly some of the

stain remains in the specimen. If they are now embedded

and sectioned, on mounting the ribbon the stain can be seen

in patches in the labral gland, and the position and shape of

these can Ije drawn with reference to the contour of the glands.

If now the wax is removed and the sections brought down to

water the remaining stain is washed out. Staining now with

an aqueous solution of thionin there appear dark bodies in

the section staining an intense violet, almost black, and these

patches agree with those stained by the neutral red. In sections

of the animals which have not been stained with neutral red

but which had been similarly fixed and stained in thionin,

these very conspicuous dark bodies do not occur, and it seems

safe to assume that they are formed by the action of the neutral

red on the animal.

Weak solutions of neutral red apparently always have a harm-
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fill effect on Bimocephaliis vetulus. No individual

of Simocephalus exspinosus was found to survive

a weak solution longer than twelve hours. In Simocephalus
vetulus the movements of the limbs is always retarded when

the animals have been in such a solution for about twelve

hours. Advantage was taken of this fact to study the move-

ments of the limbs during feeding. Usually, even if the stained

individuals are removed to pure water, they survive only a few

days. Sometimes, however, with young individuals they sur-

vive and completely lose all effects of the stain. No adults

have been obtained to survive long the effects of the stain,

but among these adults the stain often shows signs of disap-

pearing and yet the labral glands always remain as con-

spicuously stained as at first. It was thought from these

results that the labral glands might be partly the agents

causing the disappearance of the neutral red. However,

in the well-known experiment of feeding Daphnids on carmine,

while the end-sac of the shell gland is stained by the carmine

there is never any trace in the labral glands. This experiment

was also repeated with neutral red, Bismarck brown, Nile

blue sulphate and hydrochloride, using a filtered mixture of

the stain with milk to feed, but there was no indication as to

where the stain was excreted.

Apparently with neutral red and Bismarck brown the staining

effect is not produced through the gut but the stain acts directly

through the cuticle. Thus young embryos in the brood-pouch

stain just as markedly as their parent. Both these stains

show a great affinity for yolk. Individuals with nearly fully-

developed embryos in the brood-pouch were stained in neutral

red for twenty-four hours. Those individuals were then

selected which had given birth to their brood, but had not

yet laid their next batch of eggs, and these had deeply-stained

ovaries. These were returned to fresh water. The eggs which

were subsequently laid were stained deep red. As these

developed the stain was seen to be confined chiefly to the yolk.

In most cases the adults died before giving birth to the young

but in a few cases the voung were born, but the adults never
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survived tliu succoedmg ccdysis. The young in these cases

showed stain chiefly in the tips of tlie first and second antennae

and in the ' Haftorgan '. By the third instar all traces of the

stain had disappeared.

These experiments show a similarity to those of Sitowski

(18) on Tineola hiselliela. This worker fed these

cateri)illars on food stained with Sudan red, and their fat

became stained red, giving them a red appearance. The eggs

laid were also stained red while the animals hatching from

them showed signs of a slight red coloration.

They are also most probably similar to a certain experi-

ment of Agar (1) on Bimocephalus vetulus. In

Agar's experiment he fed the Daphnids on a food which pro-

duced in them a curious abnormality, which consisted in

a change from the normal, of the curvature of the valves

of the carapace. On removing the abnormal individuals to

normal conditions the aljnormality disappeared in a few

generations, and up to this point the result is analogous to

Sitowski's results and to the experiment recorded here. How-

ever, Agar states that not only did the abnormality disappear,

but in the third generation of the offspring there was a ' very-

decided reaction '—the valves of the carapace not only

came back to their normal position but overshot the mark

and became more curved in the opposite direction. This is

stated to be due to the overproduction of an anti-body

antagonistic in its effects to the substance causing the abnor-

mality. I'his occurrence of a reaction w^as supported by

a table of ratios representing the transmission of the abnor-

mality, and about this table Agar says that, by itself, ' it

cannot be said to give unequivocal evidence, especially when

the high degree of inaccuracy in the original measurements is

considered ', but that this table bore a ' striking resemblance
'

to a second table representing the transmission of another

abnormality which was based on much more accurate measure-

ments and on a much greater number of individuals. But,

even supposing that this latter table accurately- represents the

course of the second experiment, the value of the resemblance
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between the two tables as a basis on which to postulate

similarity between the two sets of experiments, of which the

tables are representative, depends solely on the accuracy of

the first table. While it is admitted that the second table is

no doubt comparatively accurate, it must be emphasized that

in the first table referring to the abnormal curvature of the

carapace, the presence of a reaction in F 3 generation was

indicated by an increase among only forty-seven individuals,

of 6 per cent, over a normal ratio—and in measuring this ratio

an error could be made of as much as 20 per cent.—the

average error according to a table quoted by Agar to show this

inaccuracy is roughly 10 per cent. It appears very uncertain,

on such data, to make the definite statement that there was

a ' very decided reaction '. The repetition of these results of

Agar was abandoned because, in the individuals used, the

inaccuracy of the measurement of the ratio which indicated

the extent of the abnormality was even more marked than in

those used by Agar.

It may be mentioned here that Agar merely stated that the

food producing the abnormality was a ' culture of protophyta

grown in a mixture of cowdung, soot, and water '. It was
found that the abnormality can be produced by feeding a

culture containing no other protozoon than a species of

Chlamydomonas. Also, contrary to Agar's finding, it

was not found possible to produce the abnormality in Simo-
cephalus exspinosus.

In the experiments recorded here there seems no evidence as

to how the neutral red disappeared. As Agar suggests for

cases of parallel induction, it may have disappeared by mere
dilution caused by the increase in the bulk of the protoplasm

without a corresponding increase in the amount of the stain.

Partly the stained matter may be oxidized or changed in some
way into a colourless material which may or may not be
excreted ultimately.

These experiments on intra vitam staining were carried

out before the mechanism of feeding was closely studied. The
latter investigation made it obvious that, as already stated,



230 H. GRAHAM CANNON

the food is entangled in some substance before? it reaches the

moutli, and frojn the disposition of the appendages and their

method of working it si^erns most probable that this substance

is produced by the labral glands. This brings S i m o c e )) h a 1 u s

votulus into the sanK? category of feeders as those Gastro-

poda, Pelecypoda, Protochordata, and Branchiopoda whose

nu^thod of feeding is described by Orton (14), in which the

prehension of the food is brought aljout by the secretion of

some food-entangling substance. The nature of this substance

in Simocephalus is, however, peculiar. Sections of the

glands wer(! stained according to the method recently described

by Keilin (9) using thionin as a metachromatic stain for mucin.

The nuclei of the gland-cells stained blue while the cytoplasm

was ])urplish, as would occur in a mucous gland, but the secretion

filling the reservoir not only did not stain red, as it would do

if it contained mucin, but showed a pale-blue tint. Bismarck

brown also left the contents of the reservoir unstained. If,

then, the metachromasy of thionin is used as a definite method

for the detection of mucin, the labral glands of Simo-
c e p h a 1 u s v e t u 1 u s must not be described as mucous glands.

From the quotation from Schodler's work on Acanthocercus

at the beginning of this paper it will be seen that he suggested

that the labral glands were possibly salivary glands. Claus

does not discuss their function but merely states :
' Die grossen

Zellen der Oberlippe . . . betrachte ich als Lippendriiseu '.

Cunnington, discussing the physiological significance of the

secretion from the labral glands, states that the fact that the

secretion Hows out in front of the mouth suggests that the

gland is a salivary gland.

The term ' salivary gland ', derived as it is from vertebrate

and more especially human anatomy, is now unfortunately

used in a variety of senses in the different groups of animals.

In some groups a certain physiological sense is implied, while

in otliers the term is used only in a topographical sense.

Among the Arthropoda, it is not possible to find, from the

physiological sense, a character common to all the secretions

of their salivary glands, while from a morphological standpoint.
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owing to the veiy uncertain homologies of the various mouth

parts in the different classes, it is not advisahle to base a defini-

tion of salivary gland in this group on such considerations.

Hence the term salivary gland should not be extended still

further to include the labral glands of Simocephalus
V e t u 1 u s

.

South Kensington.

August 1921.

Summary.

1

.

The labral glands consist of a proximal and a distal group

of gland-cells.

2. The proximal group consists on each side of about twenty

cells. The cells possess large flat nuclei and their secretion

collects as intercellular vacuoles.

3. The distal glands which are in connexion with the proximal

groups consist on each side of five cells—four gland-cells and

a duct-cell. The anterior pair of gland-cells possess large

spheroidal nuclei between which is an ill-defined reservoir of

secretion. The posterior pair have cup-shaped nuclei between

which is a very definite reservoir of secretion.

4. The duct-cell is in the form of a hollow tube, one end open-

ing to the exterior near the tip of the lahrum and the other

end opening into the reservoir of secretion between the nuclei

of the- posterior pair of distal gland-cells. The duct-cells act

as ducts for the whole of the labral glands, the secretion passing

as vacuoles from cell to cell.

5. The duct-cell alters the reaction of the secretion before

passing it to the exterior.

6. Food particles carried in the stream which is maintained

by the trunk-limbs through the carapace are abstracted by
the gnathobases of the second trunk-limbs.

7. There are ten setae on the gnathobase of the second

trunk-limb, the anterior three of which are comb-like and brush

the secretion of the labral glands on to the food particles as

they collect between the maxillae.
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8. The Rotae of the maxillae are directed anteriorl}'-, and by

their action pass the food on to the mandibles at the entrance

of the oesophagus.

0. The labral glands stain very markedly intra vitara

with neutral red and Bismarck brown. There is no evidence

that this effect is due to the staining of the preformed structures

in the protoplasm.

10. Females stained intra vitam with neutral red,, when

removed to fresh water will lay red eggs from which young

will hatch which are also stained. T'he stain disappears from

these during growth.

1 1

.

Agar's experiments on the transmission of an abnormality

produced by a certain food are criticized. This abnormality

can be produced by feeding Simocephalus vetulus

with Chlamydomonas.
12. The secretion of the gland contains no mucin.

EXPLANATION OF PLATES AND 10.

Description or Figures.

All figures are from Camera lucida drawings. Figs. 1-8 were

drawn using a Zeiss D. objective and are at a magnification

of 222 diameters. Figs. 9-12 were made with a Zeiss apochr(.-

matic N.A. 1.4, 2 mm. objective and compensating ocular 8.

The magnification is about 860.

List of Abbreviations.

a.l.g. external opening of duct of labral gland ; br, brain ; c.c. circum-

oesophageal commissure ; d.c. duct-cell ; d, duct of labral gland ; d.n.

dilatores oesophagi; ex. epidermal cell; f.g. food groove; gri 1, ganglion

of Antennarius 1 ; g.pg. group of nerve-cells in Antennarius 1 at root of

branch to proximal group ; I, labrum ; l.d.c. lumen of duct-cell ; l.g. lateral

groove dividing labrum from dorsal part of head ; l.l. labral nerve-loop

;

md, mandible ; mg, mid-gut ; nu; maxillae ; n.a. 1. Antennarius 1 ; n.a. 2'.

Antennarius 2 major ; n.a. 2". Antennarius 2 minor ; n.md. mandible

nerve ; n.mx. nerve to maxilla ; 7i.n.e. nerve to nauplius eye ; 7i.pg. nerve

to proximal group of gland-cells ; 7il, nucleolus ; nu.f.g. nucleus of proximal
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gland-cell ; nu.a.d. nucleus of cell of anterior pair of distal gland-cells
;

nu.p.d. nucleus of cell of posterior pair of distal gland-cells ; nu.d.c. nucleus

of duct-cell ; oe, oesophagus ; o.g. olfactory ganglion
; p.c. peripheral

layer of cytoplasm of anterior pair of distal gland-cells ; r, reservoir of

secretion ; s.m. setae of maxiUa ; ?', vacuoles of secretion.

Figs. 1-8 form a series of transverse sections through the labrum and

adjacent parts of an adult specimen of Simocephalus vetulus.

The position of these sections is indicated in fig. 13 by the series of vertical

lines numbered 1-8 at their upper ends. Figs. 9, 10, and 11, are drawings

at a higher magnification of parts of the same sections that are represented

in figs. 3, 5, and 6 respectively. The orientation of figs. 9-1 1 with respect

to the plate is the same as it is in figs. 3, 5, and 6. In figs. 1-8 and in

fig. 13 the proximal glands are shaded thus ////////////// and the distal

glands are shaded thus WWWWWWW.

Fig. 1.—Section cutting the most anterior part of the proximal gland

at the level of the nerve to the first antenna.

Fig. 2.—Section through anterior end of the distal gland. This section

passes through the nerve to the proximal gland.

Fig. 3,—Section through the connexion between the proximal and
distal groups of gland-cells.

Fig. 4.—Section through the attenuated connexion between the anterior

and posterior pairs of gland-cells of the distal gland. This section passes

through the commencement of one of the mandibles and includes the

labral nerve-loop.

Fig. 5.—Section through the posterior pair of cells of the distal gland.

This section includes the tips of the hairs on the setae of the maxillae.

Fig. 6.—Section through the duct-cell.

Fig. 7.—Section through the external opening of the duct of the labral

gland.

Fig. 8.—Section through the maxillae and the tip of the lalirum.

Fig. 9.—See fig. 3.

Fig. 10.—See fig. 5.

Fig. 11.—See fig. 6.

Fig. 12.—Horizontal section, the position of which is indicated in fig. 13.

It passes through the aperture of the duct of the labral gland.

Fig. 13.—Somewhat diagrammatic figure of a side view of Simo-
cephalus vetulus. Of the appendages behind the antennae only the

right mandible and maxilla are represented.
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Surface Tension and Cell-Division.

By

J. Gray, M.A.,

Fellow of King's College, Cambridge.

With 9 Text-figures.

The series of changes which a dividing cell exhibits has long

suggested to biologists that surface tension plays a dominating

role in the process of cleavage. Without exception, theories

based on this suggestion have postulated regions of differential

tension on the cell-surface ; the surface tension at the equator of

the cell has been held to be either higher or lower than that at

the polar regions of the cell. Such theories have proved of

but little value as a means of further investigation, since there

is no apparent means of determining how such a state of

affairs could arise, nor is there any apparent differentiation

in the microscopical structure near the equator of the cell-

surface.

The evidence here presented suggests that regions of dif-

ferential surface tension are unnecessary assumptions, and that

cell-division does not take place owing to a change in surface

tension at the cell-surface, but owing to a force inside the cell

which operates against the surface tension. It is the equihbrium

between this force and the normal surface tension which deter-

mines the shape of the dividing cell.

The fertilized eggs of Echinus miliaris form very

satisfactory material for a study of cell-division, since the

protoplasmic surface of the egg is in direct contact with an

aqueous medium and because the actual process of cell-division

can readily be followed under the low powers of the microscope.

The normal egg is spherical, and if it be crushed or broken the

resultant portions show no tendency to mix with the water,

but rapidly acquire a more or less spherical shape. From this

we may infer that the protoplasm of the egg resembles that

R 2
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of many other cells, in that it is essentially a liquid which is

immiscible with water. Further, an overwhelming body of

evidence is available to show that the protoplasmic surface

contains a lipoid or oily phase. To what extent is the form of

the egg dependent upon those conditions which determine the

form of inert drops of oil surrounded by water ?

Consider the simple case of oil-drops in water. The drops

are all spherical owing to the existence of a force—usually

called surface tension—acting at the oil/water interface.

In any such system the amount of free energy will tend to reach

a minimum, and since the volume of oil presents a minimum

amount of surface when the drop is spherical it is obvious that

Text-fig. 1.

Form of oil-drops in («) acid water (6-f?) increasing amounts of

alkali in water.

the position of stability is reached when the drops are round.

The higher the surface tension the more rapidly is the spherical

form assumed, and the more resistant is the form of the drop

to external or internal disturbance. Now. it has been shown

that the surface tension at an oil/ water interface is materially

affected by the hydrogen-ion concentration of the water.

Hydrogen ions raise the surface tension ; hydroxyl ions lower

it. The effect of such changes is a marked alteration in the

form of the oil.

In an acid solution the oil-drop remains perfectly spherical

and is not readily deformed by external forces. In an alkahne

solution, however, the drop becomes very irregular in shape

and is readily deformed. In highly alkaline solutions the sur-

face tension may actually become ' negative ', and the condition

of stability is reached by the splitting up of the drop to form

an emulsion.
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To what extent the drop of protoplasm responds to similar

changes in its environment is seen from the following figures.

It will be seen that in an alkaline medium the capacity of the

egg (hke that of an oil-drop), to retain a spherical form is lost.

The outline of the egg becomes distorted by the production

of numerous blunt irregular processes, just as is the surface

of the oil. On returning such eggs to normal sea-water the

spherical form is gradually reformed ; in acid sea-water the

spherical form is quickly regained. In some cases the recovery

Text-fig. 2.

d e r

a. Egg in normal sea-water, P,, 7-9 ; 6, egg in acid sea- water,
P„ 6-0 ; c-e, successive stages in alkaline sea-water, Ph 9-6

;

/, same egg transferred from alkaline to acid water.

of the spherical form causes the protoplasm to divide com-

pletely into two or more parts. These parts are always spherical

or eliptical. The nucleated fragment alone divides to form

normal blastomeres. Saponin possesses the power of lowering

the surface tension at an oil/water interface, and produces

similar changes in the form of the egg to those produced by

alkalis.

It seems reasonable to conclude that the form of the undivided

egg is determined, at least in part, by the surface tension at

the egg-surface.

Before proceeding to consider the part played by surface

tension during the process of division, it is necessary to draw

attention to certain facts in connexion with normal cleavage.

The first division in the egg of Echinus miliaris takes
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place (at 15° C.) about fifty minutes after fertilization, and

takes roughly three minutes. The process of cleavage is shown

diagrammatically below.

It is important to note that during cleavage there is a progres-

sive increase in the length of the main axis of the egg ; this is

just as distinctive as the production of the shorter axis which

is brought about by the development of the cleavage furrow.

Text-fig. 3.

Stages in normal cell-division of egg of Echinus miliaris.

As the egg elongates so the polar regions become more and

more convex, while the equatorial region becomes more and

more concave.

In making a comparison between the dividing egg and an

oil/water system it is convenient to consider the fusion of

two oil-drops rather than the division of a single drop into two

equal parts. When two oil-drops fuse it is obvious (Text-fig. 4)

that a reversal of the process would approximate very closely

to the process of cell- division.

Now, in fusing together the amount of free energy at the

surface of the oil is reduced in the ratio of 5 : 4, so that when
the single drop is mechanically shaken into two equal parts,
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or when the egg divides into two equal blastomeres, it is

necessary to provide the surface of the two systems with free

energy. Hence, during cell-division the egg must do work

in order to provide free surface energy.

Before proceeding further with this argument, let us consider

the effect of altering the surface tension at the protoplasmic/

water interface during the actual process of cleavage. In order

to do this, eggs at different stages of cleavage are transferred

Text-fig. 4.

c d

Stages in the fusion of two oil-drops.

to acid and alkaline sea-water. In the latter case division

occurs quite normally ; in the former case striking effects

are produced.

The effects of acid sea-water may be summarized as follows :

(i) The cleavage furrow is entirely lost, and in the early stages

of cleaA^age the egg tends to become spherical in form.

(ii) In the total abolition of the cleavage furrow there is

distinct evidence that the egg is elongated along the main

axis of the astral figure, so that in the latter stages of cleavage

the form of the egg is that of a well-marked cylinder with

hemispherical ends.

(iii) The effect of acid sea-water is entirely reversible. If an

egg which has been taken from normal to acid sea-water be
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replaced in normal sea-water, it very rapidly returns to the

stage of cleavage which it had reached prior to being placed in

Text-fig. 5,

I IT

Normal sea-water. Acid sea-water.

Ill

Normal sea-water.

d

Effect of acid sea-water on the form of a dividing egg.

acid sea-water : it then proceeds to complete the division at

the normal—relatively slow—rate. The distinction between

the two phases of recovery from the acid is most marked.
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There can be but little doubt that the explanation of these

facts is as follows : the acid sea-water raises the surface tension

at the egg-surface, and tends to make the egg regain its spherical

shape. Owing, however, to some force, which elongates the

main axis of the egg, equilibrium is reached (during the latter

stages of cleavage) when the egg is cylindrical and not spherical.^

It will be noted that the increase in length of the main axis,

which was noticed in normal cleavage, is much more obvious

in acid sea-water owing to the abolition of the cleavage furrow.

It has been shown that when the egg is removed from acid

to normal sea-water the cleavage furrow reappears at once.

The amount to which the cleavage furrow develops depends

entirely on the equilibrium between (a) the surface tension

at the egg-surface and (fe) some other force within the egg.

In acid sea-water the surface tension is high and equilibrium

is reached when the egg is a cylinder with hemispherical ends
;

in normal sea-water equiUbrium is reached with a well-marked

cleavage furrow. Whereas the effect of a change in surface

tension is very rapidly reflected in the form of the cleavage

furrow, it is also clear that the elongation of the main axis is

the active process whereby free energy is supphed to the egg-

surface and allows the furrow to form under normal conditions.

This process is stopped in an acid solution (like so many other

physiological processes) and is resumed on return to normal

sea-water. The rate at which this force acts is entirely indepen-

dent of the experimental rate of change of the surface tension

of the egg-surface.

That the elongation of the egg axis is the active process

involved is shown from the experiment of Plateau.'

If a drop of oil be placed between two metal rings A and B so

as to form a complete cylinder (Text-fig 6, a), and if the rings

be now moved apart, then when the distance of A to B becomes

^ The relative surfaces which enclose an equal volume of protoplasm are

(i) Sphere 100

(ii) Cylinder with hemispherical ends . 105

(iii) Two spheres (each half vol. of i) . 1^6
' Statique des liquides ', vol. ii.
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greater than | of the diameter of the rings (Text-fig 6, b), the

form of the drop changes in the same way as that of a dividing

egg. The further A is moved away from B the more convex

do the ends of the cyhnder become, and the more marked is the

development of the ' cleavage ' furrow ; finally the drop is

resolved into two separate parts.

There is, however, one respect in which the protoplasmic

system differs from that of an oil-drop. When a drop of oil

is divided into two—as in Plateau's experiment—it is a simple

matter to reverse the process and reform a single drop of oil.

Text-fig. 6.

Form of completely divided egg in (a) normal sea-water. (6) Acid
sea-water.

In the case of the living cell this does not occur. It would

seem that this is due to the existence of a surface laj^er (Traube

membrane) which is automatically formed when protoplasm

comes into contact with water, and that the blastomeres fail

to fuse with each other just as oil-drops fail to fuse together

if they are shaken in smaller drops in the presence of a soap

or any similar substance which can form a condensation layer

at the surface of the oil.

The conclusion reached is that division of the cell is brought

about by the elongation of one axis of the cell, and that the

cleavage fm'row^ results as an equilibrium between this process

and the normal surface tension at the cell-surface. It need
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hardly be mentioned that the existence of any form of mechani-

cal membrane, or the presence of elements (e. g. other cells)

capable of exerting a pressure in any particular direction

will materially alter the system which is under discussion.

It can hardly be doubted that the elongation of the cell-axis

is associated in some way with the elongation of the astral

/-;'-/--
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this figure is approached the sides AC and BD will begin to

flatten; as soon as .„ is ) I, a definite cleavage furrow will

result between A and C and between B and D. At the same

time the convexity of the surfaces AEB and CFD will increase.

If the change in length of the axis AC is dependent upon

a change in the distance of one centrosome from the other,

then one would expect to find a similar relationship between

this latter distance and the sector AB. The following measure-

ments appear to show that in a variety of cells the cell begins

to be deformed in appearance at the equatorial region when the

distance between the asters is about -67 of the sector of that

part of the cell lying between the asters, and that the cleavage

furrow becomes well marked when the ratio has reached the

value -8 or -9.
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It is somewhat rash, perhaps, to press too far the analogy

of the astral figure to the rings in Plateau's experiment. It

is obvious that the mechanical model is a limited one, and that

subsequent work may show that regions of differential viscosity

such as are suggested by Chambers's ^ work may be found

to be involved. Yet in the particular case of a cell which

possesses a structure curiously fitted to play the part of

Plateau's rings, division is found to proceed on just those lines

demanded by the above analysis. Text-fig. 9 shows the division

Text-fio. 9.

Protoplasm

Division of C o 1 e p s h i r t u s (after Doflein). The undivided form a
gives rise to two daughter individuals by passing through stage B.

I

of the protozoon Coleps hirtus. The body is covered by

four hard skeletal plates P1-P4. When division occurs the

distal ends of the cell remain fixed in form owing to the existing

plates, and between plates P., and P4 the cell becomes elongated

in exactly the form demanded by the hypothesis put forward.

In the stage of division illustrated a well-marked cleavage

furrow has formed and the ' Plateau ' ratio is about -8.

Summary.

Cell-division may be accounted for by the movement of the

two asters away from each other. The appearance of the

cleavage furrow is due to an equilibrium between the effect

of this movement on the protoplasm and the surface tension

at the cell-surface. The behaviour of the cell under these forces

is precisely similar to a drop of oil subjected to similar condi-

tions. There is no necessity to postulate regions of differential

surface tension at the poles or equator of the cell.

1 ' Journ. Exp. Zool.', vol. 23, p. 483, 1917.
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1. Definitions.

N.B.—In the following pages only a necessary minimum of

synonymy is given ; species-lists are not necessarily exhaustive
;

and dubious forms are often omitted. Except where stated

explicitly, all reasons for the classification here used will be

found in Parts I and II.

Su)3 -class Zoanthactiniaria, Van Bened.

(As used by Bourne, 1916. pp. 514-15 =Dodecacorallia.
Carlgr., Bronn's ' Thierreich ', 1908.)

Order Dodecactiniaria.
(As used by Bourne, 1916, p. 515.)

8ub-order ACTINIARIA.

Tribe 1 . P r o t a n t h e a e , Carlgr.

Founded by Carlgren in 1891 : used here in its original and
narrow sense, as covering Gonactinia and Protanthea

NO. 262 T
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(and probably Oractis) only, not in the wider sense of Carl-

gron's later work.

Aetiniaria witli or without a definite base, but without basilar muscles.

The body is smooth. There is a sheet of longitudinal muscle-fibres in

the ectoderm of body-wall and actinopharynx as well as of disc and

tentacles, and the body-wall ectoderm at least has also spirocysts.

iSpliincter absent or weak diffuse endodermal. Tentacles few or more

numerous, simple. In normal animals only eight mesenteries arc peiiect,

and these are the analogues of the eight macrocnemes of Edwardsia.
The mesenterial muscle is weak, often hardly more developed than the

body-wall muscle, and not forming a very definite retractor usually.

The number of mesenteries present beyond the eight protocnemes

varies, but the eight are not shaij)ly marked ofl fiom the others as

macrocnemes, although they have a certain predominance, especially

in Oraetis. l<\)ur imperfect mesenteries pair wnth the lateral proto-

cnemes, and the i-est form a secondary cycle or C3^eles. The distribution

of gonad and filament may alTect the protocnemes only (Oractis),

or the protoeneTues and their lateral partners (G onact inia), or the

whole of cycle 2 as well (Protanthea). The filaments have no ciliated

tracts. There are no well-marked siphonoglyphes.

Family 1. Gonacttniidae, Carlgr., 1803.

Used here sensn stricto for Gonac t i ni a , Protan-
thea, and Oractis only.

With the characters of the tribe Protantheae.

GoNACTINIA, Sars, 1851, p. 1 12.

Gonaetiniidae with the gonads confined to the lateral protocnemes

normally, whereas the filaments are found not only on these but also

on their partners and on the directives. There is a definite ba.se. Repro-

duction often asexual.

Species :

G. prolifera. Sars. 18.35. p. 3. (8ee Carlgren. 1893. p. 31.)

Protanthea, Carlgr., ]S*)1.

Gonaetiniidae with gonads and filaments on the mesenteries of

cycles 1 and 2. and heytmd these cycles small mesenteries devoid of

appendages and confinod to the uppermost parts of the body. There is

a definite base.

tSpecies :

P. simplex, Carlgr.. 1891. p. 81 ; 1893 p. 24.
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Oractis, McM., 1893, p. 138.

Gonactiniiclae (?) in which only the eight protocnemes are fertile and

filamented. There is no definite base, and there are only ten tentacles.

Species :

O. diomedeae, McM., 1893, p. 1.38.

This genus is not yet very fully known, but is probably

referable to this family.

Tribe 2. PTYCHODACTEAE,mihi.

Containing the family Ptychodactidae only.

Actiniaria with a definite base, which may rather merge into the

column, but without basilar muscles. Body-wall smooth or with

vertical rows of hollow outgrowths ; in structure, however, similar to

the tentacles, with ectodermal muscle-sheet and at least usually spiro-

cysts. Sphincter absent or weak difl^use endodermal. Tentacles few

or more numerous, simple. Actinopharynx either quite rudimentary

and reduced to a narrow band, or else quite well developed and provided

with siphonoglyphes and ectodermal muscle-fibres. Six to twelve or

more pairs of mesenteries perfect. Musculature of mesenteries weak,

hardly forming retractors. The free borders of the mesenteries (or their

representatives if the mesenteries fuse below) are occupied by filament

above and gonad below, not both together. The filaments have no

ciliated tracts, but those of the imperfect mesenteries end up above in

a curious structure like a bisected funnel, unusual in form and make-uj).

Family 1. Ptychodactidae, Appellof, 1S93.

See also Carlgren. 1911, p. 12, &c.

With the characters of the tribe Ptychodacteae.

Genera : P t y c h o d a c t i s , D a c t y 1 a n t h u b

Ptychodactis, Appellof. 1893. p. 4.

Ptychodactidae with about 100 tentacles or more. Smooth body.

No sphincter. Actinopharynx rudimentary, reduced to a nairow band
just inside the lip, which is produced at certain jjoints into lappets for

the attachment of larger mesenteries. Mesenteries irregularl 3- arranged ;

primaries and usually secondaries perfect.

Species :

P. patula, Appellof, 181)3, p. 4. (See also Carlgren, 1911.)

T 2
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Dactylanthus, Carlgr., 1911, p. 2.

Ptychodactidae with twenty-four tentacles. Body with twenty-four

vertical rows of hollow outgrowths or vesicles, corresponding to the

twenty-four regular endocoels and exocoels. Sphincter very weak

diffuse. Actinopharynx quite well developed, with two siphonoglyphes

and with curious pockets between the insertions of some of the mesen-

torios. Twelve pairs of Tiiesenteries, six pairs or all of them perfect, all

fusing together down below in the gonad region, in such a way that the

gonads occupy no longer the now non-existent free edge of the mesentery,

but the region nearest to the point of fusion.

Species :

I), antarcticus, Clubb, 1908, p. 5. (See Carlgren, 1911.)

Tribe 3. Nynantheae, Carlgr.

Usod lioro in a diffi^ront soiisp than that of Carlp;ren. so that

it oxcUnlpR Edwardsiivria, Corallimovpliidae, and Discosomidao,

hill inchidos Boloceroi dos and tho Endocoolactids.

Aetiiviaria with or without a definite base, with or without basilar

muscles. Body-wall smooth or with verrucac or outgrowths of one sort

or another. The presence of a sheet of ectodermal muscle in body-wall

or actinopharynx is exceptional, occurring sporadically, and sometimes

reduced to a vestige such as ectodermal )nuscle in the siphonoglyphes.

Spirocysts in body-wall ectoderm are also exceptional save in Endo-

coelactaria. A sphincter may or may not be present, and if present

may be weak or strong, endodermal or mesogloeal. Tentacles few or

many, simple or complex, their longitudinal musculature ectodemial or

mesogloeal. Siphonoglyphes are typicalh' present. The mesenterial

filaments have ciliated tracts. Pairs of perfect mesenteries are present

save in abnormal cases, and usually at least six pairs, often more. Six

is a fundamental number for arrangement of parts, but there are a gootl

many de\aations. Mesenterial musculature does not often exhibit so low

a grade as in Gonactiniidae, Ptychodactidae, and many IVIadreporaria

—

often it is highly developed, very definitely marked off retractors being

formed—cases of weakness ai"e usually sporadic and secondary rather

than universal and inherent.

Sub-tribe 1. Atiienaria, Carlgr.

Used here as coverino; Halcampids and Tlyanthids hut not

Edwardsians.

Nynantheae representing those forms which being the outcome of

a Hal cam pa-like ancestor have retained more similarity to that
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ancestor than most forms, and live a more or less burrowing life. Size

variable, predominating shape vermiform, this being attained in gieater

or less degree in different cases ; the diameter of the body in some fonns,

or at least in some states, bearing a fair proportion to its length. There

is no atlherent base, the aboral end being a physa, which does sometimes

adhere to small objects. There is little or no sphincter, but if present

it may be endodermal or mesogloeal. Cinclides often present. Number
of tentacles usually sauall, even at greatest not passing about forty ;

not more than one communicates with each endocoel and exocoel.

Number of mesenteries similarly limited, and they are either all macro-

cnemes or else a division into macro- and microcnemes is to be found

—

with an interinediate condition in the case of Peachia. Secondary

mesenteries develop in the exocoejs of the primaries. Sometimes the

larvae seem to be parasitic on medusae.

Family 1, Halcampidae, Andres,

Used here in the general sense of Andres, 18S3, p. 312.

Tlyanthidae as used by Gosso, pro parte.

Incliuling Halcampoidinae, Appellof, 1896, p. 18 ; Hal-

canipomorphinae, Carlgr., 1898, p, 88 ; Halcanipinae, Carlgr.,

1898, p. 88 ; Monaulidae, Hertw., 1882, p. 104 ; Halianthinae,

Kwiet., I89(i ; and ' Fenj a ' and ' Aegir '.

Athenaria of more or less vermiform shape, with or without suckers or

papillae on the body, with or without cuticle or incrustation, ('in-

clides may occur in the physa. Tentacles eight to twelve, fourteen,

twenty, or more, and wdth other variations, their longitudinal muscula-

ture ectodermal. Sphincter absent, weak mesogloeal, or weak endo-

dermal. The mesenteries have as their main feature six pairs of

macrocnemes, but there are variations ; the full six pairs may not be

developed, or there may be one or two unpaired macrocnemes in addition

to them. Microcnemes are sometimes present, their number varying.

Genera: Halcam])a, Halcampoides, P ent ac-

tinia , S c y t o p h o r u s

.

Halcampa, Gosse, 1858,

See Carlgren, 1898, pp. 87-8 ; Kwietniewski, 1896, p. 585
;

Haddon, 1 889, p. 885 ; Carlgren, 1 900 (on P e n t a c t i n i a),

p. 1170, &c, ; and Stephenson, 1918 A, pp. 8-10, Halian-
thus, Kwiet. Halianthella , Kwiet, ? Hal cam

-

pell a, Andres.
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Halcampidae typically worjii-likc, iiioil- or less, but very changeable

in form (see Part 11. Text-fig. 7, c, D). There is a physa which may or

may not be retractile and wliieh has einelides in it (alway.s ?). The main

])art of the body, or scapus, may be without suckers, or it Jiiay have

suckers to which sand adheres, so as to make a more or less dense cover-

ing. A clear external separation into capitulum. scapus, and physa is not

necessarily present. Some species have no sheath. iSonietimes the scajjus

has solid papillae. Tentacles retractile, eight to twelve or more (e.g.

thirty-two), their longitudinal iiiuscic ectodermal. .Sphincter weak

mesoglocal (see Part I, Text-fig. 1, and PI. 22, fig. 7). Mesenteries either

all macrocnemes, oi' else divided into macro- and microcnemes. Macro-

cnemes six pairs (rarely one or two additional unpaired ones) or fewer;

microcnemes if present variable in number (see Part 11, Text-hg. 8).

Species :

Genotype, H. chrysanthell urn . Peach, Johnst., 1847, p. 220.

(See also Gosse, 1860, p. 247; Haddon. 1889, }). 335; Walton

and Ree.s, 1913, p. 65; Haddon. 1886. p. 1; Faurot. 1895,

p. 127 ; Stephenson, 1918 a, p. 9 ; 1920 a, p. 440.)

H. duodecimcirrata. iSars, 1851, p. 142; Carlgr., 1893, p. 38.

H. arctica. Carlgr., 1893, p. 45.

H. limnicola, Annan., 1915, p. 89.

H. aspera, 8teph., 1918 a. p. 10.

H. chilensis, McM., 1904, p. 223.

H. kerguelensis, Studer. 1878. p. 546. (See Kwietnicwski.

1896.)

H. arenaria, Haddon. 1886, p. 616; 1889, p. 3.35. (See also

Walton and Rees, 1913, p. 66.) And probably others,

I have been obliged to transfer H. aspera from Hal-
campoides to Halcampa, because on re-examination of

some sections of it I find appearances \vhicli I take to indicate

a mesogloeal sphincter. The reasons for my overlooking it in

my original investigation were that tliere is not much of it,

and it was not until I had subsequently examined several other

species with insignificant sphincters that I found out exactly

where one must look for it in a deeply introverted and some-

what twisted specimen such as mine was. I had only trans-

verse, and not the more serviceable longitudinal sections of

the region where it lies, being furtlier misled by mistaking

certain parts of the endodermal circular muscle for a slight

endodermal sphincter. There is also perhaps a fourteenth
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perfect mesentery, but if so, whether it lias a retractor is

uncertain, and it is probably asymmetrical, not placed as in

Scytophorus. But only more and better material can

clear it up. H. arenaria I have left in the genus on the

assumption that it has a mesogloeal sphincter, but that remains

to be proved.

Halcampoides, Dan., 1887.

Bee Appellof, 1896, p. 8, and the references given under

Halcampa. Fenja, Dan. Aegir, Dan. Halcam-
pomorphe, Carlgr. Halcampa as used by Kwiet-

niewski. Halcampella as used by Hertwig. ?Hal-
campella, Andres.

Halcampidae typically more or less worm-like, not necessarily with

a clear distinction into scapus, capitulmn, and physa. Cinclidea may
occur in the physa. Naked or incrusted. Tentacles twelve or more,

can be retractile, and with the tentacular longitudinal muscle ectodermal.

No mesogloeal sphincter, but there may be a slight eudodermal one.

.Six pairs of macrocnemes. Microcnemes present or not.

Species:

H. abyss or um, Dan., 1887.

H. clavus, Q. and G., 1833, p. 150. (See Hertwig, 1882, p. 02 ;

Pax, 1912, p. 310 ; Appellof, 1896. pp. 3, 13, &c. ; and Haddon,

1889, p. 336.)

H. maxima, Hertw., 1888, p. 29. (See Wassilielf, 1908.)

H. kerguelensis, Hertw., 1888, p. 28.

H. purpurea, Studer., 1878, p. 545. (See Kwietniewski, 1896.)

And probably others.

H. mi nut a, Wass., seems to be more like a Haloclava
than a Halcampid. It is possible that of the species listed some

may be synonyms of others—it has been suggested that

H. clavus is the same as H. purpurea and H. abys-
s o r um . Halcampella e n d r o m i t a t a , Andres, and others,

cannot yet be definitely allocated. In Wassilieff's description

of H. maxima there are some remarks which suggest

that he had some form other than a Halcampoides to

deal with ; but the}' may be due to a couple of critical

misprints.
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Prntactinia, Carlgr., 11)00, p. IKir..

Halcampidao with body which iiiuy Im- long, juid pliysa. Scapus

with jjapillae to wliicli fiagnuiitH may adheix-. 'JViitacles typically

twenty, theii' longitudinal musculature ectodermal. No isphincter.

Ten niacrocneines present—the ' Edward«ia eight ' + one couple pairing

with the doi'solateral protocnemcs. The wixth primary c-ouple repre-

sented by two perfect but weak mesenteries. Four pairs of inicro-

cnemcs, confined to distal part of body.

Species :

P. californica, Carlgr., 1900, p. 11G6.

ScYTOPHORUS, Heriw., ISHi, ]>. 104.

Halcampidae with body which may be long, with cuticle deveioix-d

chieHy on the scapus. The physal end may attach itself. No venucae.

Tentacles fourteen, their longitudinal ?nusculature ectodermal. Mesen-

teries fourteen, the usual primary six })airs-f one couj^le, the individuals

of the couple with their retractors facing one pair of directives. All

these mesenteries are macrocnemes, but some may be without gonads.

No sphincter. The ciliated tracts of the filaments may be peculiar.

Species :

8. striatus, Hertw., 1882, p. 104.

S. antarcticus, Pfeff., 1889, p. 11. (See Carlgren, 1899, p. 7.)

Family 2. Ilyanthidae. Gosse.

Iljaiithidae as used by Gosse, 1860, pro parte, i.e.

excluding Cerianlharia, Edwardsiaria, and Halcampids.

Athenaria often attaining a fair size, frequently with stout bodies

which are often capable of becoming vermiform. Suckers present or

absent. Ciiiclides may occur in the phj^a or on the scapus. Patches

of cuticle are sometimes present. Tentacles .simple or capitate, eight,

twelve, twenty, or more, up to about forty. Sphincter absent or sliglit

and endodermal. Never fewer than ten pairs of mesenteries in adult

animals, the number varying up to about eighteen pairs. They are

usually all macrocnemes, even if there is some distinction among them,

though in Peachia four at least of the ten pairs are imperfect and

without gonad or filament, but they have strong retractors and cannot

be called microcnemes. There is often only one siphonoglyphe, and this

may bear a specialized upper end or conchula.

Genera: Ilyanthus, Eloactis, Haloclava,
H a r e 11 a c t i s . Peachia.

Polyopis striata, Hertw.. may just possibly have been

a battered member of this famil3^
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IiiYANTHUtf, Forbes, 1840.

Ilyanthidae with a pliysa. Body-form may be thickisli. witliout

suckers, but there may be patches of cuticle. Margin of scapus forms

a collar with a narrow capitulum above it. Tentacles simple, in 3 cycles,

from about 28 to 36. No conchula. Mesenteries the same in number as the

tentacles, all macrocnemes (perfect, with circumscribed retractor, and fila-

ment), but not all fertile. Seven tentacles form the priuTary cycle ; these

are held permanently over the mouth, and divide up those of the outer

cycles into radiating groujjs. The arrangement is exactly bilateral, and

not radial; one directive tentacle is a 'primary, the other a secondary.

Tentacles of cycle 3 the longest.

Species :

I. mitchelli, Gosse, 1853, p. 128 ; 1860, p. 232.

? 1. acoticus, Forbes, ' Ann. N. H.', i. v. 183.

The only species to be certainly referred to this genus is

1. mitchelli, which I ha\e been able to stndy alive and

anatomically. It is a miique and extraordinary form, and

further details about it Avill, I hope, be shortly forthcoming.

It is clear that I. part he no pens, Andres, is something

quite different from I. mitchelli, and merits at least a

distinct genus, and as it seems to me a distinct family ; see

Andresiidae for further detail.

Eloactis, Andres, 1883, p. 464.

Ilyanthidae with a physa which may adhere slightly. Column without

verrucae, its upper margin well marked. Tentacles twenty, capitate,

not fully retractile, the outer largest ; tentacular longitudinal muscle

ectodermal ; tentacle-heads especially rich in sting-cells. No con-

chula. No sphincter. Mesenteries ten pairs, all macrocnemes • (see

Part II, Text-fig. 9), probably all fertile. One siphonoglyphe.

Species :

E. mazeli, Jourd., 1880, p. 41. (See Faurot, 1895, p. 152 ; and
Rees, 1913, p. 70.) Perhaps others.

Haloclava, Verr., 1899, p. 41.

Ilyanthidae with body which may be long. Base physa-like but

capable of adherence to small objects. The body has rows of adhesive

suckers above. There is some sort of sphincter. Tentacles twenty,

usually clavate. No conchula. Mesenteries ten pairs, all perfect,

very muscular, but six pairs are larger and form a primary cycle.
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Species

:

H. producta, .Stinip., 1856. p. 110, is the gciiolypu, and {)erhaps,

others should also he included. (See Verrill, 1891t.)

Harenactis, Torrey, 11K)2.

Ilyanthidae with a physa whiuh eau flatten into a disc and stick to

something. The body may attain groat length ; it is smooth, but has

a vertical row of cinclidcs in the upper part of it, corresponding to each

eiidocoel and exocoel. No conchula. No sphincter. Twenty-four

simple tentacles. One siphonoglyphe. Longitudinal musculature of

tentacles ectodermal. Mesenteries all inacrocncmes, twelve pairs, only

the six primary pairs usually fertile.

Species :

H. attenuata, Torrej-, 1902.

Peachia, Gosse, 1855.

Siplionactinia , Dan. and Kor., 1856.

Ilyanthidae with a physa, in which there are typical!}' cinclidcs.

Column can be thick, or can become vermiform by attenuation (see

Part II, Text-fig. 7, a), without verrucae, A trifid conchula (which may
have further subdivisions beyond the three main ones) is usually present

in connexion with the opening of the one si])honoglyphe. No sphinctei'.

Tentacles simple, eight or twelve. Mesenteries ten pairs (or six pairs in

younger specimens) ; usually six pairs perfect, with strong diffuse

or circumscribed-diffuse retractors, gonads, and filaments—more rarely

only the eight protocnemes are perfect, but the other primary couples

have their filaments and retractors. There are four secondary imperfect

pairs without gonad and filament, but they have strong retractors and

are not microcnemes.

Species :

P. hastata, Gosse, 1855. p. 294. (See also Gosse. 1860, p. 235 ;

Faurot, 1895. p. 136; Haddon. 1889. p. 337; Stephenson,

1920 a, pp. 446, &c. ; Haddon and Dixon, 1885.)

V. uudata, Go.sse, 1858. p. 418; 1860, p. 239.

P. triphylla, Gosse, 1860. p. 243. (See Hornell. 1894. p. 78.)

P. q u i n q u e e a p i t a t a . McMurrich 1913.

P. koreni. McM.. 1893, p. 144.

P. hi Hi, Wilsmore, 1911, p. 39.

And probably others.

1 have cast the definition so that it covers the aberrant

P. hi Hi as well as the typical forms, but it would not be

surprising to find that that species merits separation from the
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rest of the genus, on account of its seeming lack (^f a conchula

and imperfection of some of the primary mesenteries. Certain

species have been described under the generic names Bici-

d i um and P h i 1 o m e d u s a , but these are very hkely larvae

of various species of Peachia and Halcampa, parasitic

on medusae.

iSub-tribe 2. Endocoelaotaria, mihi.

Nynantheae with a definite base. Form variable, but the column

without vesicles. Ectoderm of column nearly always with spirocysts,

but probably without ectodermal muscle, at any rate usually. No
sphincter. One or two siphonoglj^phes. Body-wall may be thick

and heavy, and the opal disc may be lobed—or both may be quite

ordinary in appearance. Tentacles few or numerous, simple or with

variously developed aboral swellings of mesogloea ; either in two

alternating marginal cycles or else arranged in a way unlike the usual

anemone plan ; but there is never more than one tentacle to each

mesenterial space. Radial muscle of disc and tentacles ectodermal or

with a mesogloeal tendency. Mesenteries varying in detail, but with

this in common, that after the first six couples are formed all subsequent

pairs aiJjJear in the lateral endocoels, and have their longitudinal muscles

oriented as in directives.

Family 1- Halcuriidae.

Halcuriidae as used by Carlgren, 1918, p. 24, pro parte,

i.e. for Hal curias.

Endocoelactidae, Carlgr., 1897. p. 169.

Endocoelactaria without peculiarity of body-form such as lobing of

disc and basal thickening of tentacles, and with a tendency to develop

little groups of nematocysts in the body-wall ectoderm. One siphono-

glyphe only. Tentacles simple, up to about seventy. Mesenteries rather

well marked out into a few (six or ten) large perfect fertile filamented

pairs with circumscribed retractors, and a number of further pairs

without these appendages. Some of these smaller mesenteries are per-

fect, but they are all, beyond the first ten mesenterial pairs, confined

to the uppermost part of the body and are virtually microcnemes.

Genera : H a 1 c u r i a s and C a r 1 g r e n i a

,

Halcuriab, McM., 1893, p. 142.

Endocoelactis, Carlgr., 1897, p. 169.

Halcuriidae with definite but sometimes small base. The body is
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sometimes eluiigute, and in isiiiooOi Itiit lor the presence, soiiietimes,

of eetodeniiiil batteries of nematoeysts. Margin tentaculate (jr with

a parapet, no distal lobing. Tcntaeles up to al)out seventy. Maero-

enenies ten pairs, fertile, filamented, and witli strong cireuniseiibcd to

t'irciunscribed-dilTuse retractors. Microenemes confined to ui)|)er part

of body, either in regular cycles or irregularly placed, some of tliem

usually perfect.

Species :

H. i)ilatus, McM, 1803, p. 142. (See also McMurricli. 1S«»8;

11)01, p. ir>r>; Cailgren, lOlS, ]). 25.)

H. carlgreni, McM., 11M»J, p. ir.i). (See also tWlgren, 1897.

p. 159, &c. ; 1914 ; and 1918, p. 26.)

H. endocoelactis, Steph., 1918 a, p. 14.

Cahlgiiknia, Steph., 191S b, p. 109.

Halcuriidae with definite base, slight parajjct and fosse, and no distal

lobing. Eetodeiin of eolmnn. at least in ujiper part, with neniato-

cyst batteries. Tentacles about forty in the speeijnens so far jollected.

Macrocnemes six pairs, fertile, tilajuented. strong eircuniscribetl retrac-

tt)rs. In the lateral cndocoels are four pairs of jx-rfect microenemes

which rim down the whole length of the body (see I'art 11. Text-lig. 1 6, G)

;

beyond these tirst ten pairs (six pairs macrocnemes and four pairs micro-

enemes) any additional microenemes are confined to the ujiper part of

the body.

Species: C. desiderata, Steph., 1918b. p. 109.

Family 2. Actineknidae. n. fam.

Halciiriidae as used by Carlgren, 1918, p. 24. pro parte.

Endoeoelactaria with definite base. Body eylinthical or, more usually,

expanded above, and in tliis case often divided into lobes, which are

typically four or eight in number. There may or may not be collections

of nematoc^'Sts in the body-wall ectoderm. Tentacles may be numerous,

simple, or with mesogloeal swellings on the aboral sides of some or all

of them. A thick body-wall is a frequent characteristic. Two siphouo

glyphes. There are a good many mesenteries, and the older ones are not

marked off from the others as macrocnemes ; many are perfect ; the

later ones may develop cyclically or bilaterally, and the partnei-s.of

a pair be equal or unequal. The mesenterial musculature is not strong,

and at least all stronger mesenteries are fertile.
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Genera : Actinernus, Synactinernus, Isac-

tinernus, Synhalcurias.
V

Actinernus, Verr., 1879.

This is only part of Verrill's genus. Other forms sometimes

assigned by mistake to it will be found under Actino-
s c y p h i a and Polysiphonia.

Porponia, Hertw., 1882, p. 125.

8ee Carlgren, 1914 ; Carlgren, 1918, p. 31, &c. ; Stephenson,

1918 B, p. 127 ; Stephenson, 1920 a, p. 540.

Not Actinernus as used for A . p 1 e b e i u s , A . s a g i n a -

t u s , A . a u r e I i a

.

Actinernidae with thick body which expands more or less distally,

and is often but not always lobed, the lobes usually eight in niunber.

Tentacles (except the youngest and sometimes the inner ones) wilh

aboi'al mesogloeal swellings or bridges of varying development in

different species, whicli may run up the tentacles almost to their tips.

The tentacles usually in two cycles, and largest at the apices of the lobes.

Numerous mesenteries, the older ones developed as usual in Endo-

coelactaria ; after a certain point, however, they continue to appear

in definite zones in a bilateral way, from the outer side of the zone

inwards, usually. These mesenteries have the partners of a pair unequal.

Mesenterial muscle weak.

Species :

A. nobilis, Verr., 1879, p. 474. (See Carlgren, 1918, p. 32.)

A. elongatus, Hertw., 1882. p. 111. (See Carlgren, 1918, p. ^3.)

A, robustus, Hertw., 1882, p. 11.3. (See Carlgren, 1918. p. 34.)

A. michaelsarsi, Carlgr., 1918, p. 33.

A. an tare tic us, Carlgr., 1914, p. .50; 1918, p. 35.

Synactinernus, Carlgr., 1918, p. 30.

Actinernidae with the body expanded above into eight lobes, four

larger and four smaller alternating. Tentacles in at least two cycles,

without basal swellings, largest at apices of the lobes, ninnerous. Radial

muscle of disc and tentacles chiefly ectodermal. At least half the

numerous mesenteries perfect. Mesenterial muscle not forming pro-

jecting retractors. The perfect mesenteries are cyclic in arrangement,

beyond these are others of unequal size in upper part of body.

Species :

S. Ilavus, Carlgr., 1918, p. 31.
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IsACTiNERNUs, Carlgr., 1918, p. 29.

Actinernirlae with distal part of body four-lobed, the lobes able to

bend in over the mouth. Wall with very little papillae forming nemato-

• t;yst batteries. Tentacles numerous, in at least two cycles, largest at the

apices of the disc-lobes, the inner with small aboral mesogloeal basal

swellings, the outer with the swellings slightei- or absent. Radial

musculature of disc and tentacles chiefly ectodermal. Actinopharynx

with very thick mesogloea. Mesenteries numerous, almost regularly

arranged, cyclic, the partners equal, many of them perfect. Weak
retractors in lower parts of older mesenteries.

Species :

I. quadrilobatus, Carlgr.. 1918. p. 29.

Synhalcurias, Carlgr.. 1914, p. 68.

II y ant hops is as used by Wassilieff, 190S, pro ))artp.

Aetinernidae with the body not lobed above. There are little nemato-

cyst batteries in the column ectoderm. Tentacles without basal swellings,

up to over 100. Radial musole of disc tending to become mesogloeal,

longitu(Unal muscle of tentacles ectodermal. Numerous mesenteries,

all perfect in old specimens, their arrangement cyclic but not very

regular, the two partners of a pair generally aboxit equal. Mesenterial

musculature weak, not forming projecting retractors.

Species:

S . e 1 e g a n s . Wass., 1908. p. 8. (See Carlgr., 1914, p. 68 ; and 1918,

p. 27.)

Sub-tribe 3. Mesomyaria, inihi.

Nynantheae usually with a definite base and basilar inuscles, but

sometimes with a physa or an intermediate gi-ade of base ; sometimes

the base is reduced ; or it may be hollowed out into a cup or elongated

as a slit, &c. The form is variable, from a worm-like burrowing condition

to a broad flat dish shape or a flattened wiap-like condition, but the

typical anemone form (more or less cylindi'ical or vase shaped) is the

usual thing. In the advanced forms there is often a thick body-wall,

and some of these exhibit ornamental knobs or roughnesses, crests, and

so on. and in this connexion the tentacles may have aboral basal sweUings

of mesogloea. In some forms the body is divided into scapus and

eapitulum, and the scapus may have cuticle on it. There are never any

true vesicles or acrorhagi. but sometimes suckers or verrucae. CincUdes

often occur. The tentacles are usually simple, but may have the above-

mentioned swellings, or even, rarely, thickenings of other different

kinds. Their longitudinal musculature is ectodermal to mesogloeal.
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the latter condition fairly frequent among advanced forms. Not more

than one tentacle comnumicates with each exo- and endocoel. The

sphincter, if present, is mesogloeal. Acontia are often present, and

are the typical special stinging organs of the group ; sometimes they are

rudimentary and hard to detect. Secondary mesenteries appear in

exocoels, not endocoels. Ectodermal muscle in the body-wall is excep-

tional. Mesenterial musculature is typically well developed; at its best

very strong.

The ten families of Mesomyaria arid the contained genera are

defined in Part I of this paper. The only modification required

is, that the word ' Mesomyaria ' be substituted for the word
' Actiniina ' in the family definitions there given. ' Actiniina

'

was used provisionally, pending the working out and publica-

tion of the groups set up in Part II.

• Sub-tribe 4. Endomyaria, mihi.

Nynantheae with a definite base save in one case, but it may be

reduced or rather physa-like, or slit-like, or converted into a float, &c.

Usually there are basilar muscles. Form variable, body-wall either

smooth or with verrucae or acrorhagi or vesicles, which may become

complex outgrowths—more than one of these things may be present in

the same animal. There is not the same tendency to ponderous body-

walls (though of course these are sometimes fairly thick) and knobs

and crests of mesogloea as in some Mesomyaria. Ectodermal muscle

in the body-wall is exceptional. Cinclides do occur, but their distribu-

tion is little known. The tentacles are simple or complicated in various

ways (see Part 11, Text-figs. 14 and 19), but do not have basal meso-

gloeal swellings. Their longitudinal musculature is less often mesogloeal

than in Mesomyaria. At their best development, in forms of warm
seas, they may form complex tufts and give a frill-like or seaweed-like

effect (see Part II, Text-fig. 19, and Text-fig. 18 for vesicles). In some

forms not more than one tentacle joins each endocoel and exocoel. In

others there is more than one on some or all of the endocoels, but not

more than one on each exocoel. In still others the exocoels also may have

more than one—so that sometimes there are many per endo- and exo-

coel. Sometimes the tentacles are reduced to sessile vesicular structures.

The sphincter, if present, is endodermal of some grade, may be very strong

and circumsci'ibed at its best though often weak or diffuse, &c. There
are never any acontia. Secondary mesenteries develop in exocoels.

Mesenterial musculature is typically well developed; at its best very
strong.
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Family 1. Condylanthidae, n. fam.

Antheadae as used by Carlgren, 1899, p. 9, pro parte.
Actiniidae as used by Pax, 1907, pro parte, &c.

Endomyaria with definite base. Body-wall unspecialized. without

verrucae, the body fionietimes elongate* and half vermiform. Tentacles

retractile, in several cycles, .simple, not inore than one to each exo-

and endocoel. No sphincter. Radial musculature of disc and tentacleib

ectodermal. Mesenteries di\aded into macro- and microcnemes, niacro-

cnemes (bearing gonad, filament, and strong retractor) six pairs ; micro-

cnemes without those structures.

Genus : Condylanthus.

CoNDYLANTHus, Carlgi'., 1899, p. 15.

Charisea, Torrey, 1902.

With tlie characters of the family.

Species :

C. magellanicus, Carlgr., 1809, p. 1.5.

('. saxicola, Torrej', 1 902.

There seems to be no adequate way of separating off these two

species into two genera, the differences being seemingly of

specific value only. I have therefore listed Charisea as

a synonym of Condylanthus. wliich has priority.

Family 2. Myonanthidae, n. fam.

Antheadae as used by McMurrich, 1893. p. 146, pro parte.

Actiniidae as used by Pax. 1907. pro parte, and Haddon,

1898, p. 414, pro parte.

Gonactiniidae as used by Carlgren, 1900, p. 15, pro parte
(Boloceroides).

Endomyaria with definite base, which may be slight, with or without

basilar muscles. Body-wall smooth or with suckers. Ectodermal

muscle and spirocysts in body-wall and actinopharynx present or absent.

No vesicles. Tentacles simple, not more than one j)er exo- and endo-

coel ; they may be deciduous or not ; their longitiidinal muscle is

ectodermal. Sphincter absent or endodermal. not very strong endo-

dcrmal. diflfuse or circimiscribed-diffnse. Siphonoglj'phes present or

aijsent. Mesenteries not divided into macro- and mierocnemes. Perfect

mesenteries six pairs. Fertility affects the older mesenteries, excepting

sometimes the directives. Reti'actors strong or weak.

i
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Genera : Myonanthus, Macrodactyla, Bolo-

ceroides, Nevadne.

Myonanthus, McM., 1893, p. 151.

Myonanthidae with smooth body and slight fosse within the margin.

Tentacles retractile, without sphincters. Sphincter definite, diffuse, and

may have a good deal of anastomosis between its processes. All mesen-

teries fertile save the directives and the youngest.

Species

:

M. ambiguus, McM., 1893, p. 151.

Macrodactyla, Haddon, 1898, p. 431.

Myonanthidae with a deUcate skin covered with little adhesive suckers.

Large suckers on upper part of body. Fragments may adhere to it.

No capitular rim or acrorhagi. Tentacles may be long and large, and are

without sphincters. Sphincter not strong, sessile, circumscribed diffuse.

Retractors strong, circumscribed diffuse. All mesenteries fertile.

Species :

M. aspera, H. and S., 1893, p. 124; Haddon, 1898, p. 431.

There is a slight ambiguity in Haddon's definition of this

genus—1 take his meaning to be that there are six pairs of

perfect mesenteries, but if by any chance it is otherwise the

genus will have to go to Actiniidae.

BoLOCEROiDES, Carlgr., 1899, p. 43.

Myonanthidae with smooth body and tentaculate margin. No
sphincter, no true siphonoglyphes, no basilar muscles. Ectoderm of

body-wall and actinopharynx has spirocysts and muscle fibres as well

as that of disc and tentacles. Tentacles provided with sphincters, there-

fore deciduous. All stronger mesenteries fertile save directives.

Species :

B. McMurrichi, Kwiet., 1898, p. 394. (See also Carlgren, 1899,

p. 43 ; 1900, p. 16.)

B. hermaphroditioa, Carlgr., 1900, p. 18.

A discussion of the systematic position of this genus will be

found in Part II, p. 506, &c.

Nevadne, n. gen.

Gyrostoma as used by Annandale for G. glaucum
(1915, p. 70).

Myonanthidae. The one known form has longish body and long

NO. 262 XJ
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tentacles, living in brackish water in India. There is a slight base.

Body smooth but for microscopic prominences containing nematocysts.

The outer tentacles are the largest. Six pairs of perfect mesenteries.

Gonads on the older imperfect mesenteries. No true retractors or

sphincter. Tentacles without sphincters.

Species :

N. glauca, Annan., 1915, p. 70.

It has been necessary to erect a new genus for Annandale's

Gyrostoma glancum, which cannot come within the

genus Gyrostoma or even into the Actiniidae, with its six

pairs of sterile perfect mesenteries and their feeble musculature.

It seems to be a distinct ;ind interesting form, which fits into

the Myonanthidae well.

Family 3. Andresiidae, n, fam.

Ilyanthidae as used by Andres, 1883,' p. 457, pro parte.

Endomyaria. The only known genus has a body capable of attaining

a great length, and devoid of a pedal disc, being adapted for burrowing.

Body \vithout verrucae, but with a notched parapet and a fosse at

the margin. Tentacles long, retractile, in four regular cycles, graded

in size from within outwards. Small circumscribed endodermal sphincter.

Longitudinal musculature of tentacles ectodermal. Twenty-four pairs

of mesenteries in three cycles, all perfect but in varying degrees, aU
fertile save sometimes the directives, and provided with diffuse retrac-

tors which are not confined to the larger mesenteries only.

The above is a short statement of the chief characteristics

of the only species as yet referable to this family, A n d r e s i a

parthenopea. This form was described by Andres (1883,

p. 459) as Ilyanthus parthenopeus , and further dealt

with by Faurot (1895, p. 154) and Simon (1892). It is a species

which does not conform to one's idea of Athenarian structure

at all well, and certainly cannot remain in the genus Ilyan-
thus, as represented by I. mitchelli, which I have been

able to investigate anatomically. I here suggest the generic

name Andresia for it, after Angelo Andres, author of the

largest monograph on Actiniaria yet attempted. I have

proposed (Part II, p. 522) to have a separate family Andre-

siidae for it, liecause it cannot well be placed in any known
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family without making that family rather heterogeneous.

It might be included in Actiniidae on the same principle by

which I included Halcampactis, a genus with no base,

in the Phelliidae—biit there it was a case where there was

transition to be traced between forms with no base and those

with a base; and it does not follow that the same course need be

observed in the two cases. At any rate I put forward the

Andresiidae tentatively, as being the most expedient plan at

the moment.

Family 4. Actiniidae, sens, strict.

Actiniidae, Gosse + Bunodidae, Gosse, as used by Haddon,

1 898, p. 414, but excluding Antheopsis, Macrodactyla,
and Myonanthus, which he includes.

Including Actiniidae (or Antheadae) and Bunodidae of most

authors, with certain genera removed. Bunodidae, Gosse =

Cribrinidae, McM. =Bunodactidae, Verr.

Including Boloceridae, McM. ; Glyphactininae, Koule

Tealidae, Hertw. : Isohexactiniae, Kwiet. ; Antheomorphidae

Hertw. ; Liponemidae, Hertw., pro parte; Holactiniae

Boveri, &c.

Endomj'-aria with a base which is sometimes rather reduced, usually

well developed ; or it may be elongate through attachment to a spine.

Body-wall smooth or with verrucae, but without vesicles. Margin

tentaculate or distinctly marked off as a parapet or collar ; with or

without acrorhagi. Tentacles simple or with paired lateral enlarge-

ments
;
provided with sphincters rarely, more usually not ; their longitu-

dinal musculature usually ectodermal, rarely mesogloeal. Sphincter

absent or endodermal; weak or strong ; exhibiting various grades of deve-

lopment—diffuse, circumscribed, &c. Not more than oiie tentacle to each

exo- and endocoel. Mesenteries not divided into macro- and micro-

cnemes, nimiber of perfect mesenteries usually considerable, always

more than six pairs in adult animals. Retractors variable, but often

strong. Usually fertility affects either all the mesenteries or most of

the older ones, though in other cases these are sterile.

U 2
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Genera : Actinia, Anemonia, Gyrostoma, Condy-
iactis, Parantheopsis, Bunodactis, Tealia,

Epiactis, Isotealia, Pseudophellia, Bolocera,
Leipsiceras, Boloceropsis, Dofleinia, Ixa-

.1 a c t i s , G 1 y p h o s t y 1 um , and perhaps others ; see

below.

Actinia, Browno.

Dip] act is, McM., 1889, p. 110.

Hormathia as used l)y Hertwig for A. deli ca tula

(1888, p. 15).

Actiniidae with smooth body having a collar-like margin, with a fosse

between itself and the tentacles, in which lie acrorhagi. The latter are

simple or more or less compound, usually conspicuous (e.g. blue) in

colour, and can be covered up by the margin in contraction. Tentacles

simple and typically retractile, their longitudinal musculature mostly

or wholly ectodermal. Sphincter absent to weak or strong diffuse,

sometimes with a mesogloeal tendency, but endodermal actually.

Mesenteries may be all fertile save directives. Retractors diffuse,

may be strong. (.Sphincter of A. equina. Part TI, Text-fig. 11, B.)

Species :

A. equina, L., 1766-8, p. 1088. ( = A. mesembryanthemum,
EllisandSolander. 1786, p. 4=A. cari, D. Ch., 182.5, p. 233.

See Gosse, 1860, p. 175 ; Pax, 1907, p. 53 ; Clubb, 1898 ; Andres,

1883, pp. 397 and 402 ; and Simon, 1892.)

A. delicatula, Hertw., 1888, p. 15. (See Haddon, 1898, p. 459;

Carlgr., 1900, pp. 31-3.)

A. bermudensis, McM., 1889, p. 111.

A. tenebrosa, Farquhar, 1898, p. 535; Stuckey, 1909. p. 380.

A. kraemeri. Pax, 1914, p. 413.

I have listed under Actinia those species which seem to

definitely belong to the genus as here defined. Sometimes

rather vague forms are allotted to it, and there seems to be

a certain amount of confusion with regard to it, and to the

allied genera. It is actually quite a distinct genus, and there

seems to be no reason for mixing it up ^\-ith Anemonia
or Gyrostoma. A. equina is of course the commonest

of our British anemones, and A. tenebrosa seems to be

its southern representative. Verrill (' Trans. Connect. Acad.',
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xi, p. 51) describes an A. melanaster, but its systematic

position is uncertain.

Anemonia, liisso.

Isactinia, Carlgr., IDOU, j). 83.

Actiniidae with smooth body having a parapet formed by acrorhagi,

which cannot therefore be covered up by the margin ; they may vary

a good deal in extent of development, and in some cases are almost

suppressed, next to invisible. The tentacles may be long, and are

typically non-retractile ; their longitudinal musculature ectodermal.

Sphincter diffuse or more or less circumscribed or intermediate, not very

strong. Retractors variable, may be strong. Gonads may appear from

the first cycle onwards. Marked siphonoglyphes not always present,

nor directives necessarily. (Sphincter of A. sulcata. Part II, Text-

fig. 11, E.)

Species :

A. sulcata, Penn., 1766. ( = Anthea cereus, Ellis and

Solander, 1786. See Gosse, 1860, p. 160 ; Andres, 1883, p. 405
;

Pax, 1907, p. 62 ; and Simon, 1892.)

A. manjano, Carlgr., 1900, p. 41.

A. theloteria. Pax, 1907, p. 69.

A. badia, Carlgr., 1900, p. 33.

A. hemprichi, Klunz., 1877, p. 72. (See Pax, 1907, p. 57.)

A. carlgreni, Lager, 1911, p. 226.

A. citrina, H. and S., 1893, p. 125 ; Haddon, 1898, p. 416.

Possibly A. erythraea, H. and E., and others may come

here. Probably Comactis flagellifera, Dana, is only

A. sulcata. I have fused Anemonia and Isactinia
and made one definition cover both, because I cannot feel

convinced of any real distinction between them. The main

point seems to be a slightly different grade of sphincter, but it

is not enough for separation in a family like this.

Gyrostoma, Kwiet., 1898, p. 424.

Par anemonia, Carlgr., 1900, p. 61.

Actiniidae with smooth body and a more or less well-marked margin

and usually some sort of fosse. There are no acrorhagi, but sometimes

the margin is notched. Tentacles simple, their longitudinal musculature

ectodermal. Sphincter absent, or diffuse or circumscribed, but not

very strong ; sometimes with a mesogloeal tendency though actually

endodermal. Retractors weak or strong, diffuse to circumscribed dift'use.
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Gonads may appear from cycle 1 onwards. Siphonoglyphe.s variable in

number, there may be several—also directives ; latter may be absent.

Species :

G. hertwigi, Kwiet., 1898, p. 424, is the genotype. (.Sec Haddon,

1898, p. 420.)

G. ramsayi, H. and ,S., 1893, p. 124 ; Haddoii, 1898, p. 420.

G. kwoiam, H. and «., 1893, p. 125; Haddon, 1898, p. 422.

G. cinerea, Cont., 1844, p. 183. (See Pax, 1907, p. 36.)

G. tristis, Carlgr., 1900, p. 36.

G. dubia, Carlgr., 1900, p. 38.

G . S t u h 1 m a n n i , Carlgr., 1900, p. 39.

G. Sancti-thomae. Pax, 1910, p. 177.

G. incertuni, McM., 1904, p. 230.

G. selkirkii, McM., 1904, p. 227.

G. dysancritum, Pax, 1907, p. 48; 1909.

G. haddoni, Lager, 1911, p. 229.

G. sulcatum. Lager, 1911, p. 230.

Other species which may be referred with a query to the genus are

G. tulearense. Pax, 1909, p. 404; G. inequale, McM., 1893,

p. 149; G. adhaerens, H. and E., 1832, p. 258 (Pax, 1907,

p. 51); G. dichogama. Kirk and Stuckey, 1909, p. 384;

G. olivacea,Hutton, 1878 (Stuckey, 1909, p. 381); andG. ins ess a,

Gravier, 1918, p, 3.

The above list iDcludes forms which have been erroneously

placed under Anemonia, and had to be transferred. The

two genera have been a good deal confused, and especially

when dealing with preserved material it is difficult to be certain

about them. I have included Par anemonia as repre-

sented by P. cinerea in this genus, because it seems to me
to be simply a Gyrostoma without directives, and not

worthy of a distinct genus, G. glaucum, Annan., is no

Gyrostoma, and needs a new genus (see p. 263).

CoNDYLACTis, D. and M., 1866.

Cereactis, Andres, 1880.

? Ilyanthopsis as used by Hertwig for I. longifilis

(1888, p. 13).

Actiniidae which sometimes reach a large size (C. passiflora

may be a foot across). Body wth verrucae in the upper part, which msij

be well developed, or weak, or practically or even entirely absent

;

sometimes they are arranged in vertical rows ; fragments may adhere
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to them. There are no acrorhagi, but there is a well-marked margin or

collar. Tentacles simple, may be long and large, their longitudinal

muscle ectodermal or with occasional anastomosis. Sphincter absent

or very weak diffuse. Strong retractors. As a rule the mesenteries are

all or mostly perfect and fertile, chrectives may be sterile ; more rarely

only twelve pairs perfect. Brood-pouches sometimes occur in the females.

The tentacles and mesenteries may run in eights or tens, &c., as well as

sixes.

;s :

C. aurantiaca, D. Uh., 1825, p. 438. (See Andres, 1883, p. 455 ;

Pax, 1907, p. 22.)

C. passiflora, D. and M., 1866, p. 31. (See Pax, 1910, p. 171 ;

McMurrich, 1889. ' Jomn. Morph.')

C. georgiana, Pfeff., 1889, p. 15. (See Carlgren, 1899, p. 13.)

C. kerguelensis, Studer, 1878, p. 524. (See Pax, 1907, p. 32.)

C. erythrosoma, H. and E., 1832, p. 257. (See Pax, 1907, p. 30.)

?C. cruentata, Dana, 1849, Syn. p. 8, pro parte. (See

Carlgren, 1899, p. 10 ; Pax, 1907, p. 26 ; McMurrich, 1893 and

1904 ; and Clubb, 1908, p. 2.)

There is a certain amount of ambiguity about this genus,

or about the way in which it has been understood. Some forms

have been split off from it and estabhshed under the separate

name Parantheopsis, and these (P. cruentata and

P . o c e 1 1 a t a) seem to have acrorhagi of some sort, and on

account of this and their lack of sphincter they stand half-way

between C o n d y 1 a c t i s and B u n o d a c t i s . Por C o n d y -

lac t is is essentially a genus with smooth collar and no

acrorhagi ; and B u n o d a c t i s is wide enough in its limits

already, without the inclusion of sphincterless forms. To avoid

too great a fusion of genera it is perhaps wisest to retain three :

Condylactis for forms with smooth collar and no acrorhagi

or appreciable sphincter ; Parantheopsis for such as have

vertical rows of verrucae and also acrorhagi but little or no

sphincter: and Bunodactis for those which have vertical

rows of verrucae, usually acrorhagi, and some sort of sphincter

—

this may, admittedly, be weak, but typically is circumscribed.

It seems possible that two distinct species have been described

and confused under the name cruentata ; the descriptions

rather suggest this, and that one of the two is a Condylactis
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and the other a Parantheopsis. Hertwig's Ilyan-

t h o p s i s 1 o 11 g i f i 1 i s is probably C . p a s s i f 1 o r a . C . h e r t -

wigi, Wass., is no Condylactis. It has, so far as one can

tell, good acrorhagi and a weakish circnniscrib(;d-diffus(;

sphincter. If, as stated, it has no verrucae it should go to

Anemonia. If it has, to Bunodactis. C . par vicor nis,

Kwiet., does not seem to be a very typical Condylactis,

possibly that also is a Parantheopsis or Bunodactis.

Parantheopsis, McM., 1904, p. 233.

See note under Condylactis.

Actiniidae with vernicose body, the verrucae usually above ; they

are in vertical rows, ending, at least some of them, in acrorhagi (which

are not necessarily nematocyst batteries) ; foreign bodies sometimes

adhere to the verrucae. No sphincter or only a trace. All or a good

many of the mesenteries perfect, and all may be fertile save directives.

Good retractors. Tentacular longitudinal muscle of the simple ten-

tacles ectodermal. Tentacles and mesenteries may be hexamerous or

octamerous.

Species :

P. cruentata, Dana, 1849, pro parte. See under Con-

dylactis cruentata for references.

P. occellata, Les., 1828, p. 79. (See McMurrich. 1904.)

Bunodactis, Verr., 1899.

Cribrina, Ehr., pro parte; Bunodes, Gosse, 1855;

Aegeon, Gosse, 1865; Ant ho pleura, D. and M.,

1860; Aulactinia, Verr., 1862; Evactis, Yerr.,

1868; Bunodella, Verr., 1899; Actinioides,

H. and S., 1898.

Actiniidae. A large genus of forms which are some of them easily

retractile, others of more lax habit and only retractile with diffi-

culty if at all. The body has regular vertical rows of verrucae, which

are sometimes graded in length, and in size of the individual verrucae,

according to the cycles of mesenteries they are connected with, and

this may be accompanied by colour distinctions between the verrucae.

Foreign bodies are often attached to the verrucae, wliich may also be

somewhat lobed, distally. Acrorhagi are usually developed in comiexion

with the upper ends of at least some of the rows ; but they may be there

or not even in one and the same species. They may be simple, small

or large, or decidedly compound. Sphincter variable, never very
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powerful, but ranging from weak diffuse to more definite diffuse and

slightly or distinctly circumscribed, weak or moderate in development

;

the state may vary even within one species, but the circumscribed form

is the more usual and may attain a good strength. (Some of the weaker

Bunoda -tis-sphincters are illustrated in Part II, Text-figs. 11 d, f,

and 12, d, e.) Tentacles simple, their longitudinal muscles ectodermal.

Retractors often strong, diffuse to circumscribed diffuse or even circum-

scribed. Gonads may appear on the older mesenteries, or all mesen-

teries may be perfect and fertile, save sometimes the directives. Brood-

pouches may occur. Siphonoglyphes and directives variable in number.

Symmetry hexameral, octanieral, &c., or irregular.

Species

:

The genotype is B. gemmacea, Ellis and Solander, 1786, p. 3.

(See Gosse, 1860, p. 190 ; G. Y. and A. F. Dixon, 1889, p. 321.)

The other British species are B. thallia, Gosse, 1854, p. 283

(see Gosse, 1860, p. 195 ; G. Y. and A. F. Dixon, 1889, p. 310).

B. ballii. Cocks, 1849 (see Gosse, 1860, p. 198), and B.

alf ordi, Gosse, 1865, p. 41.

Foreign species numerous.

This is a genus somewhat parallel to Sagartia among the

Mesomyaria. Its synonymy has been much discussed. The

genus Cribrina, like Urticina, seems too vague to be

adopted. Against one's wishes it seems necessary to let the

familiar Bunodes lapse, since the name was pre-occupied

for a Eurypterid in 1854; and Verrill's name Bunodactis
steps into the breach with several synonyms. There may be

some forms which have been wrongly placed under the genus,

and their position should be reconsidered if they do not come
under the above definition, which is wide enough already.

The genera Bunodactis, Anthopleura, and Aulac-
tinia have already been fused by Torrey (1906, pp. 47-52),

and I fully agree with him that there is no valid way of separat-

ing them. I now add Actinioides to the list of synonyms.

It has always represented the Bunodes species with the

weaker sphincters, but apparently because of its being placed

in the Actiniidae while Bunodes was placed in the Buno-
didae, the similarity was overlooked. It is now evident that

the Bunodidae and Actiniidae are one and the same family

(see Part II, p. 526), and the two genera can no longer be
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separated. The sphincters show a graded series from weak

to fairly strong, aiul from diffuse* to more circumscribed, so

that it woukl b(; difficult to draw a boundary line (cf. Part IT,

Text-figs. 11, D, F, ;iud 12, d, e, for some of the weaker ones).

And there are no other special points of difference. B . c a p i -

tat a is said to have only six pairs of perfect mesenteries, in

which case it should be transferred to Macro dacty la,

and then the latter name might have to give way to the earlier

name A u 1 a c t i n i a , ii> a new sense. It is possible of course

for young specimens of a species to have only six pairs of per-

fect nu^senteries, but if it persists in the adult the foim needs

exclusion both from J3 u n o d a c t i s and from the Actiniidae too.

Tealia, Closse, 1S58, p. 417 ; 18GU, j). 205.

Khod actinia, Agassiz, 1H47, ]). (J7*t : iSOo, p. 18.

ActiniidiU'. Body soini'tiines low and broad, attaining however a liigli

cylindrical form in full expansion. Body in some specimens very mobile

and changeable in form, in others less so. Column with verrucas which

are not usually arranged in definite vertical rows, at any rate in the

adult ; they are sometimes strongly, sometimes very weakly developed,

in still others quite absent—and all this within one and the same species,

probably. There is a parapet and fosse, but no acrorhagi in the ordinary

forms—they occur in certain Antarctic cases though. Tentacles simple,

stout, their longitudinal muscle varying from ectodermal to meso-

gloeal, the latter being perhaps the more typical condition in the common
forms, h'trong circumscribed sphincter. Tentacles and mesenteries

often in multiples of ten in the common forms, but not invariably.

Primary mesenteries may be fertile or sterile. Retractors strong or very^

strong, diffuse or circumscribed diffuse. All inesenteries may be perfect.

(For T. crassicornis, see Part II, Text-figs. 7, b, and 12, b.)

Species

:

T. crassicornis, O. F. Miiller, 1776, p. 231. (T. coriacea,

Cuvier, 1797, p. 653.) (See also Gosse, 1860, p. 209; Carlgren,

1893, p. 58 ; Carlgren, 1902, p. 38 ; Clubb, 1908, p. 9 ; McMur-

rich, 1911.) (Bolocera eques, Gosse, 1860, p. 351 ; Madon-
iactis lofotensis, Dan., 1887. p. 47, pro parte.)

T. carlgreni, Clubb, 1902, p. 297.

T. sulcata, Clubb, 1902, p. 295.

Tealia seems to be the famous genus for synonymy-

discussions, and I will add as little as possible. I cannot
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pretend to go into detail about it, but I venture to support

T e a 1 i a as the best name to use, even if the legahty is doubt-

ful—in any case something would be doubtful. Urticina
is too ambiguous, and although it probably contained one of

our common forms it seems justifiable to reject it in favour

of the non-ambiguous Tealia. Khodactinia, Agassiz,

has priority, but although E . d a v i s i i seems to be identical

with one of the forms more usually called crassicornis

or coriacea, yet the genus is insufficiently described and

is not free from ambiguity. Tealia is well defined and a

familiar name, and seems clearly to have the advantage.

I cannot accept Carlgren's division of the genus into two

distinct genera

—

Tealia and Ehodactinia—because it

cannot (as McMurrich has already pointed out) be upheld by

anything stable. With regard to species under the genus,

I do not like to speak with finality ; but my experience with

living specimens and study of literature suggests that there is

really no valid way of splitting up our British forms into

species—I imagine that they are all races or forms of one

variable species, but the warts and other things do vary

ii great deal. This has not always been my opinion, and

it is the kind of point about which one is liable to change one's

mind more than once—the other possibility being to regard

our British forms as two species (the extremes are certainly

very different from each other in appearance) with intermediate

grades. Clubb's two Antarctic species are certainly distinct

from ours, but seem very like each other, and in some ways
verge towards Bunodactis—might even be members of

that genus, though Tealia-like in build and probably best

left where they are. As to the right specific name for the

British species, it will perhaps always be a disputed thing, but

on the idea that we have only one variable species the name
crassicornis has priority over coriacea. I have seen

Bolocera eques, Gosse, alive, and it is simply a form of

T. crassicornis.

It has been suggested that the irregularly arranged verru-

cae of Tealia must really be in vertical rows since they
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communicate with mesenterial spaces. But although this is true

in a sense, it smothers the more important fact that in Tealia
the total arrangement of warts on Ihe body-wall as a whole

presents an irregular appearance to the eye, whereas in the

contrasting l^unodactis the warts run in regular vertical

series visihle ;is such, and often with a cyclic arrangement

corresi)onding to the cycles of endocoels, and even coloured

differently according to cycle in some cases, so that in the

end the difference is a marked one.

Epiactis, Verr., 1868.

Epigonactis, Verr., 1899, p. 878.

Glyphoperidium, Eoule, 1909, p. 10.

Not Leio tealia, Hertw., 1882, p. 37—which is probably

a synonym of Aureliania ; see note under that genus

on p. 292.

Actiiiiidae in which tlie base may be well developed, or somewhat

reduced, or may be crack-like through attachment to a spine. Wall

smooth, no verrucae or acrorhagi, but well-marked parapet and fosse.

There may be young ones adherent to the surface, or even shallow or

deep brood-pouches. Tentacular longitudinal muscle ectodermal or with

a tendency to anastomosis ; disc radial muscle ectodermal or meso-

gloeal. Sphincter well developed, circumscribed, varying in strength

but usually very strong, sometimes exhibiting a good deal of anasto-

mosis of processes. Retractors diffuse, circumscribed diffuse, or even

circumscribed, often very strong. Mesenteries may be all perfect ;

gonads from cycle one onwards, or not ; or on all, save perhaps the

directives. (For two Epiactis sphincters see Part II, Text-fig. 12,

A and c.)

Species :

E. prolifera, Verr., 1868, p. 492. (E. fertilis, Andres,

1883, p. 574.) See also Torrey, 1902, and McMurrich, 1901.

E. fecunda, Verr.. 1899, p. 378. (E. regularis, Verr., 1899,

p. 380.) (?E. spitzbergensis, Kwiet., 1898, p. 134, pro
parte.)

E. marsupialis, Carlgr., 1901, p. 482.

E. badia, McM., 1893, p. 194.

E. thompsoni, Coughtrey, 1874. (See Stiickey, 1909, p. 370.)

E. novo-zealandica, Steph., 1918 a, p. 24.

E. ritteri, Torrey, 1902, p. 393.

E. bursa. Roule, 1909, p. 11.
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E. vas, Roiile, 1909, p. 13.

E. dubia, Wass., 1908, p. 20, may be an Isotealia.

IsoTEALiA, Carlgr., 1899, p. 24.

Actiniidae with smooth wall and well-marked margin provided with

some sort of acrorhagi ; there may be cuticle. Sphincter well developed,

circumscribed. Tentacular longitudinal musculature ectodermal.

Retractors fairly developed or strong. Gonads absent on older mesen-

teries, or present on all save directives.

Species :

I. antarctica, Carlgr., 1899, p. 2.5, and probably I. dubia,

Wass., 1908, p. 20.

PsEUDOPHELLiA, Verr., 1899, p. 376.

Actiniidae in which the scapus is covered with a thick soft cuticle,

the capitulum smooth and with parapet and fosse. There may be

brood-pits in the scapus. Sphincter circumscribed. Strong retractors.

Species :

P. arctica, Verr., 1868, p. 328 ; 1899, p. 376.

This genus seems to be a sound member of the family, but

more details about it are desirable.

BoLOCERA, Gosse, 1860, p. 185.

Li pone ma, Hertw., 1882, p. 129. (See Hertwig, 1888,

p. 17; McMurrich, 1898, pp. 160 and 209; Carlgren,

1899, p. 39 ; Haddon, 1898, p. 429.)

Actiniidae with smooth body (no verrucae or acrorhagi) and un-

specialized margin which may be tentaculate or have some sort of fold.

Tentacles provided with basal sphincters so that they are deciduous
;

they are variable in size and number, sometimes very large, at others

very numerous, or again neither unusually large nor numerous. Sphinc-

ter diffuse, may bs well developed, sometimes with one or more of its

processes predominating in size over the others, or with a tendency to

circumscription. Diffuse retractors. Gonads' may appear on the older

cycles, or these may be sterile. Tentacular longitudinal muscle ecto-

dermal. Perfect mesenteries variable in number ; sojuetimes all are

perfect.

Species :

B. tuediae, Jolmst., 'Mag. Nat. Hist.', v. 163. (See Gosse.

1860, p. 186 ; Walton, 1908, p. 215 ; St-phenson, 1918 b, p. 112.)

B. longicornis, Carlgr., 1891, p. 241. (See Carlgren, 1893,

p. 50 ; Stephenson, 1918 A, p. 20.)
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B, kerguelensis, Studer, 1879, p. 544. (See Kwietniewski,

1896.)

B. multicornis, Verr., 1879, p. 198. (See Carlgren, 1902

(Olga), p. 36.)

B. brevicornis, McM., 1893, p. 158.

B. pan n OS a, McM., 1893, p. 156.

B. occidua, McM., 189.3, p. 154.

B. multipora, Hertw., 1882, p. 129. (See also references given

above for L i p o n c m a
.

)

The genus B o 1 o c o r a should be limited to the above defini

tion and list of species, as regards known forms. B. pollens

has now a genus apart on account of its sphincter. B. eques
is a Tealia. !>. norvegica is of doubtful standing.

B . a f ri c a na is, according to Carlgren (1911, ]>. 21), a S.agartid

%vrongly described as a Bolocera.

Leipsiceras, Steph., 1918 b, p. 112.

Actiniidae with smooth wall, no verrucae or acrorhagi. Very strong

circumscribed sphincter. Tentacles provided with sphincters, therefore

deciduous.

Species :

L. pollens, McM., 1898, p. 230.

This genus was separated from Bolocera on account of

the sphincter. It seemed advisable because of the wide gap

between the tjrpically diffuse Boloc era-sphincter and the

elongate circimiscribed muscle with a mesogloeal axis found in

L. pollens ; there is a gap here, not a series as in Buno-
d a c t i s

.

BoLOCEROPSis, McM., 1904, p. 255.

Actiniidae with smooth body and tentaciilatc margin. The only

known species has large tentacles rather like those of a Bolocera.

but without tentacle-sphincters ; their longitudinal muscle ectodermal.

Sphincter and retractors diffuse.

Species :

B. platei, McM., 1904, p. 255.

Whether there is really any sound distinction between this

genus and G y r o s t om a it is not easy to decide, but pending

further knowledge it is safest to let it stand. The nature of the

margin may be quite a good distinguishing point.
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DoFLEiNiA, Wass., 1908, p. 13.

Actiniidae with smooth body. The only described form has large

tentacles rather like those of a Bolocera, and both these and the

disc are covered with papillae, plainly visible to the naked eye, and

which represent batteries of nematocysts. Longitudinal muscle of

tentacles ectodermal. Sphincter and retractors diffuse.

Species

:

D. arm at a, Wass., 1908, p. 14.

This is a genus not very clear in its exact relationships, but

it does not seem to fuse readily with any other, and the papillose

disc and tentacles are a distinct feature.

IxALACTis, Haddon, 1898, p. 443.

Actiniidae with the wall smooth below, with suckers above, and

a definite crenulated parapet. Disc flat when fully expanded, but often

thrown into lobes, and not fully retractile. Tentacles numerous, the

aboral side of each being smooth, the oral side flattened, and with

symmetrical lateral swellings, so that the whole looks not unlike a knotted

cruciferous seed-pod in some conditions. Sphincter moderately

developed, circumscribed.

Species :

I. simplex, H. and S., 1893, p. 123. (See Haddon, 1898, p. 443.)

A very distinct genus. Probal)ly the form photographed by

Saville-Kent as Condylactis, sp. It is a possibility that

the genus is identical with Kagactis as represented by

Andres's figures of K. pulchra—at any rate they suggest it,

and it would be an interesting point to follow up.

Glyphostylum, Koule, 1909, p. 14.

Actiniidae. In the one form described the body is a long trumpet with

short stout tentacles. The tentacles are thicker on one face than the

other, and their longitudinal nuisculature is ectodermal and much

stronger on the thick side than the other. Smooth body-wall and no

sphincter.

Species :

G. calyx, Roule, 1909, p. 16.

Koule (1909, p. 2) has set up a sub-family Glyphactininae

of the Antheidae (Actiniidae), to rank equal with two other

sub-families, the Bolocerinae and Actininae. His sub-family



278 T. A. STEPHENSON

includes two genera, Glyph operidiiim and Glypho-
stylum. In the first place Glyphoperidium seems

undoubtedly identical with Epiactis, and is here included

in that genus, with its two species, G. vas and G. bursa.
Moreover, the sub-family seems to have been erected as a result

of laying too much stress upon some apparently trivial

characters, especially connected with the actinopharynx. It

is hard to find any justification for such a sub-family, and it

is not adopted here. The other genus erected, Glypho-
stylum, seems more worthy of distinction, and although its

separateness is not very marked it is defined above, provi-

sionally at any rate.

Antheomorpiie (Hertw., 1882, p. 80) seems barely if at all

distinguishable from G 3^ r o s t o m a

.

CoMACTis. C. f lagellif era, Hertw., 1882, p. 32, might

be almost anything. Dana's is probably Anemonia
sulcata.

PoLYSTOMiDiuM (Hertw., 1882, p. 67) can hardly stand. The

stomidia seem to be the remains of torn-off tentacles and

the oesophageal openings probably ruptures (I have seen

the specimen). Of what genus it is a battered representa-

tive is another matter.

Ilyanthopsis (Hertw., 1888, p. 13) has to lapse. I. longi-

filis, Hertw., is probably a Condylactis, and

I. elegans, Wass., is a Synhal curias (see p. 260).

Pax refers to I. longifilis in his 1910 paper, pp. 171,

173, &c., as probably C. passiflora.

Myriactis (Haddon, 1888, p. 248) is not easily allocated. It

may be a Stichodactyline like R a d i a n t h u s , or it may
stand among the Actiniidae near Condylactis, but

there are not quite enough data to make a certainty of it.

Gyractis (Boveri, 1893, p. 246) (see Haddon, 1898, p. 445) is

very near Bunodactis, if not absolutely identical A\-ith

it. The fact that it has no directives or siphonoglyphes

cannot keep it apart, these things are too much matters

of specific or individual idiosyncracy. The doubt about
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deiinitely fusing it up with Bunodactis is that the

existence of regular vertical rows of verrucae seems

uncertain, although both verrucae and acrorhagi are

present. Kegular vertical rows are extremely charac-

teristic of Bunodactis, but otherwise Gyractis

has the organization of that genus.

Tealiopsis polaris, Dan., and Kylindrosactis elegans,

Dan., are, according to Garlgren's examination of the

original specimens, identical with Stomp hi a. Madoni-

ACTis lofotensis, Dan., seems to be a name covering

Tealia, Metridium, and Hormathia, and is

invalid.

Family 5. Aliciidab, sens, strict.

Aliciidae, Duerden +Phyllactidae, Andres, as used by

Haddon, 1898, pp. 433 and 435, both pro parte.

Endoinyaria with definite base and more or less delicate tissues. The

column may be divided into a scapus with vesicles and a smooth capiti-

lum ; or the scapiis may be smooth and the vesicles occur where it joins

the capitulum, and somewhat higher up as well in some cases. The

form may be very changeable. Tentacles simple, variable, may be long,

their longitudinal musculatirre ectodermal. Ectodermal longitudinal

muscle may be present in actinopharynx and capitulum, also spirocysts

at least in the latter. Sphincter absent or feeble endodermal diffuse.

Not more than one tentacle to each exo- and endocoel. Mesenteries not

divided iiito macro- and mierocnemes. Only six pairs of mesenteries

perfect.

Genera : Alicia, P li y 1 1 o d i s c u s

.

Alicia, Johns., 1861.

Cladactis, Pane, J 868, not Cladactis, Verr., 1868.

Aliciidae with delicate column capable of elongation, and divided into

scapus and capitulum. The scapus bears vesicles, varying in form and
in detail, but at least some of which are compound and stalked. Capitu-

lum naked, may have weak longitudinal muscle and spirocysts in its

ectoderm ; the muscle may also be present in the actinopharynx.

The vesicles have numerous sting-cells, which may be very large.

Margin may be tentaculate. Tentacles typically long and slender,

retractile. The six pairs of perfect mesenteries may be sterile. Retractors

not strong, diffuse. Sphincter absent or weak diffuse.

JfO. 262 X
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Species :

A. mi ra bills, Johns., 1861. p. 303. (See Duerden, 1897..

A. costae. Pane, 1868, p. 30. (See Duerden. 1895, p. 213.)

A. sans i bare nsis, Cailgr., 1900, p. 28.

A. rhadina, H. and S., 1893, p. 127, Haddon, 1898, p. 433.

And probably others.

Phyllodisctjs, Kwiet., 1898, p. 407. (See Part II, Text-fig. 18.)

Hoplo plioria as used by Haddon (1898, p. 438) for

H. ciiicla, not as used by Wilson for H. cora. lligens

(1890, p. 379).

Ahciidae in which the lower part of the body or scapus is smooth ;

at its junction with the upper part or capituluni, whic-h may be delicate

and extensile, thoie is at least one ring of stalked vesicles ; there may be

one ring of about six vesicles only, or one complete ring containing

a good many more than that, and a few outside and above the ring ;

or there may be several series of them, formed by one vesicle com-

municating with each of the older endocoels, four or more with each

of the younger endocoels and the exocoels. Form of vesicles variable as

to detail, more or less compound. Capitulum may have ectodermal

longitudinal muscle, its margin tentaculate. The six pairs of jx^rfect

mesenteries may be sterile. Retractors.weak diffuse. Sphincter absent

oi' weak diffuse. At their best the vesicles form a wide fiill or ruff round

the body (see Part II, Text-figs. 18 and 2 a).

Species :

P. semoni, Kwiet.. 1898. p. 407.

P. cincta, H. and S., 1893. p. 127 : Haddon. 1898. p. 438.

P. indie us, n. sp.

I am uniting under this genus (erected by Kwietniewski for

r. somoni) three species. One is the Hoplophoria
cincta of Haddon and Shackleton, which is a quite distinct

form, but does not agree with the type of the genus Holo-
phoria. That type, H. cor a lligens, Wilson, is taken by

Duerden (see 1898, p. 456, and 1902) to be a Lebrunia.
H. cincta does, however, tit in as a Phyllodiscus,
possibly an immature one. The third species is a new one

which I liave from the Maldive Islands (out of a collection

kindly lent nu' ])y Professor Stanley Gardiner), and which,

though perhaps not fully developed, is much further on than

P. cincta. and forms a link between that and P. semoni.
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It seems not unlikely that Phy lie discus is identical with

Triaotis, but it would be well to wait for the anatomy of

T . p r o d u c t a before assuming that and changing the name.

A species which might possibly come in here is the one described

by Hargitt as C r a d a c t i s variabilis.

Family 6. Phyllactidae, sons, strict.

Phyllactidae, Andres + Aliciidae, Duerden + Dendromeliidae,

McM., as used by Haddon, 1898, pp. 435, 433, 440, all pro

parte. Including Thaumactiniae, Fowler.

Endomyaria with definite base. Body-wall variable ; it may be

wide and provided with vesicles below, narrower and naked above

;

oi" there may be vesicles all over it, with or without acrorhagi at the

margin ; or the lower part of the body may be devoid of vesicles, and

provided only with verrucae, while the vesicles are confined to the

sub-marginal zone, really representing foliose acrorhagi, and sometimes

forming a very definite collar or ruff ; or again, the sub-marginal region

may bear only about six vesicles or ' pseudotentacles ', which at their

best form large branching bush-like structures. In spite of this variation

vesicles are always present, and both they and any acrorhagi there may
be can be simple or compound. Tentacles simple, provided with sphincters

in one genus only ; so that usually they are non-deciduous ; their

longitudinal musculature ectodermal or mesogloeal. There may be

ectodermal longitudinal muscle in body-wall and actinopharynx. Mesen-

teries NOT divided into macro- and microcnemes, more than six pairs,

and usually twelve or more pairs perfect, with occasional exceptional

individuals. Sphincter absent, diffuse, or circumscribed.

Genera : P h y 1 1 a c t i s , C r a d a c t i s , P h y m a c t i s ,

Oystiactis, Bunodeopsis, Thaumactis, L e-

br unia.

This family and its contained genera present a good deal of

difficulty. I have attempted a revision of them, but it may need

carrying a good deal further in the light of new knowledge.

A number of genera have been described under Phyllactidae,

Aliciidae, Bunodidae, Dendromeliidae, and Thaumactidae,

which need a good deal of sorting out. The principle upon

which one must work, of having two families (Aliciidae and

Phyllactidae) was introduced in Part II, p. 530, and the

X3



282 T. A. STEPIIENBON

Aliciidae, sens, strict., have been dealt with above. There

remains the set of forms now to be called Phyllactidae. To

begin with, one suspects that names have been needlessly

multiplied, and the mass of forms seems to present seven good

genera, with some synonyms. Of these seven, one can say that

they exhibit the same general grade of structure as the

Actiniidae, but with vesicles added ; but beyond that there are

differences and one notes five sets of them. At least two of

these sets are the logical outcome along slightly different lines of

a further development of Actiniid forms, and may be looked upon

as a natural family representing a stage further than the Acti-

niidae. In one of these sets (P h y 1 1 a c t i s and C r a d a c t i s)

the acrorhagi of some Actiniid ancestor seem to have developed

complications so as to form a sort of ruff, while the verrucae

remained the same; in the other set (Cystiactis, Phy-
mactis) the verrucae have developed into vesicles, and some-

times there are acrorhagi as well. In connexion with the first

set, it is interesting to note that one gets, now and then, an

abnormal individual of Actinia equina in which some of

the acrorhagi have become compound, in just such a way as

one would expect a beginning to be made in the Phyllactis
direction.

It is when we come to the other genera that the chief diffi-

culty arises. Thaumactis is a small, possibly a young

form, of uncertain affinities. Bunodeopsis is very distinct

and is now, thanks to Diierdon, a well-studied genus ; but it

is possible to think of it on the one hand as an Aliciid (sens,

strict.) which can develop more than six pairs of perfect

mesenteries, or on the other as the outcome of an Actiniid

which has developed along a line all its own—the

ancestor being, even, a pre-Actiniid Boloceroides- like form.

Lebrunia could well enough be derived from some Actiniid

or pre-Actiniid in a special way. Taking them as a whole, all

these forms might be derived from forms like Actiniidae or

pre-Actiniidae, the suggestion of Aliciid origin only coming

in strongly in the case of Bunodeopsis. Since we can never

know their exact historv, and since it seems reasonable to think
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of tliein diverging along different lines from somewhere near

the same place, it is probably best to include them all in one

family, the Phyllactidae. It will show a good deal of range

as to detail, Ijut with the fundamentals in common.

An extended discussion of other families which have been

involved near Phyllactidae seems hardly necessary. It was

pointed out in Part II (p. 5B0) that Dendromeliidae and

Thaumactidae could hardly be upheld. Any inclusion of

vesicled genera like Bunodosoma in the Bunodidae seems

to have been a mistake. Home genera here placed in Phyl-

lactidae were referred to Aliciidae before, but the revised sense

in which the families are hero taken necessitates an alteration.

Phyllactis, M. Edw. and H., 1851.

Oulactis, M. Edw. and H., 1851 ; Asteractis, Verr,,

1868; Lophactis, Verr., 1868; '? Actinostella,

Duch., 1850.

Phyllactidae. Column may be capable of a good deal of elongation ;

it has verrucae which usually occur in vertical rows and may attach

foreign bodies to themselves. Above the verrucae and below the

margin proper there is a very definite ruff, frill, or collar, which may be

quite wide and conspicuous, and is formed of a number of radiating series

of vesicles separated from each other by grooves, and which apparently

represent complicated and extended acrorhagi ; the whole ruff is

separated from the tentacles by a fosse ; the detail of the acrorhagi or

' fronds ' varies in different cases. Sphincter usually circumscribed,

more or less, not very strong, but it may be diffuse. Tentacular longitu-

dinal muscle ectodermal. Retractors typically strong, diffuse to circum-

scribed cUffuse.

Species :

P. praetexta, Dana, 1849, p. 150. (See McMurrich, 1905

on D. and M. Actinians.)

P. flosculifera, Les., 1817. (See McMurrich, 1889 ('Journ.

Morph.') ; 1889 (Bermudas).) (P. fasciculata, McM.,

1889 (Bermudas), p. 108.)

P. conchilega, D. and M., 1860. (?P. expansa, Duerden,

1898, p. 455.) (See Pax, 1910, p. 194; McMurrich, 1905 ; Duer-

den, 1898, p. 455, and 1902.) (P. folios a, Andres, 1883,

p. 505.)

P. bradleyi, Verr., 1868, p. 465; 1899.

P. ooncinnata, Dana, 1846, p. 152. (See Pax, 1912, p. D. 12.)
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P . r a d i a t a , D. and M. , 1 86( ). ( Sec McMu vvidi , 1 905.

)

P . c a 1 i f o !• 11 i a , MeM. , 1 89;i, p. ] 96.

And probably otherw.

1 have done the best i can with tliis genus, but the synonyniy

of its species is a matter for special study. I think McMurrich

has made it clear that Phyllactis is identical with Qu-
ia ctis, Asteractis, and Lophactis—probably also with

Actinostella, iti which case the latter name would have

priority ; but until more is known of the type, A. formosa,
it seems better to keep to the well-known Phyllactis.

P . striata, Wass. , seems more like a C r a d a c t i s

.

Ckadactis, McM., 1H98. ]>. 11)7.

Saccactis, Lager, 1911, p. 220.

Phyllactidae in which the column has veirucac, usually in vciticai

rows, to which foreign bodies may adhere. At the margin there are

vesicles in a ring—probably jnoditied and developed acrorhagi ; they

vary in fonn, the uppermost at least being somewhat lobed or branched

or foliose, and there may be concentrations of nematocysts on them ;

when these ' fronds ' are at their best development they may form

a wide frill round the animal. Sphincter cUfTuse or circumscribed,

usually well developed. Longitudinal musculature of tentacles ecto-

dermal. Retractors usually strong, diffuse to circumscribed diffuse.

Gonads may or may not appear from the first cycle onwards.

Species :

C. digit a ta, McM., 1893, p. 198.

C. plicatus, Hutton, 1878. (See Stuckey, 1909, p. 392.)

C. magna, Stuckey, 1909, p. 394.

C. mcmurrichi, Lager, 1911, p. 220.

C. australis, Lager, 1911, p. 223.

C. musculosa. Lager, 1911, p. 223.

C. excels a, Wass., 1908, p. 23.

? C. striata, Wass., 1908, p. 22.

I have joined this genus and Saccactis because I cannot

find any very serviceable distinction between them, and I think

any variation there may be in the form of the vesicles and their

continuity with the row^s of verrucae probably finds a parallel

in Bunodactis, as do also the variability of nematocysts

in the fronds and the variations of the sphincter. Cr a da ctis
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seems distiuct from Phyllactis in that, apparently, the

fronds or acrorhagi have not attained such clear distinction

from the rest of the colunni as in that genus, where they make

such a very definite zone or ruff. C, variabilis, Hargitt

(1911, p. 51), seems of rather uncertain standing—it may come

here, or, possibly, under P h y 1 1 o d i s c u s .

Phymactis, M. Edw., 1857.

Kivetia, Pax, 1912, p. 1).5 ; Bunodosoma, Verr.,

1899 ; E u c 1 a d a c t i s , Verr., 1899, p. 49.

Phyllactidac in which the eolunin is covered thickly with vesicles,

which may be quite without arrangement, or may form more or Jess

definite vertical rows, and sometimes the rows are of different sizes in

a regular way according to mesentery cycles. The vesicles may be

simple or more or less compound, and sometimes they fuse inseparably

with each other. Acrorhagi, which may be compound, may be present

(not always), being sometimes well developed and at others hardly

distinguishable, within the same species. Above the acrorhagi a fosse.

.Sphincter weak or strong diffuse, circumscribed diffuse, or small to

modei'ate circumscribed. Tentacular longitudinal muscle ectodermal.

Retractors diffuse, weak or well developed, or stronger and circumscribed

diffuse. The older mesenteries may be sterile, or most mesenteries may

be fertile. There may be more than two siphonoglyphes, which need not

correspond to directives—the latter may be absent.

Species :

P. clematis. Drayton in Dana, 1846, Syn. p. 6. (P. florida,

Dana, 1849.) (Wee Carlgren, 1899, p. 17; McMumch, 1904;

tSteplienson, 1918 a, p. 2.3.)

P. granulifera, Les., 1817, p. 173. (Bunodes taeniatus,

McM., 1889, p. 23.) (See Pax. 1910. p. 184; McMurrich, 1889

(' Journ. Morph.'), p. 23 ; Duerden, 1902, p. 348.)

P. sphaerulata, Duerden, 1902. p. 3.'50.

P. kiikenthali, Pax, 1910. p. 189.

P. papulosa, Les., 18.30, p. 78. (See Pax, 1912, p. d. 6.)

P. grandis, Verr., 1868, p. 473; 1899, p. 49.

I have included Verrill's E u c 1 a d a c t i s grandis with

some hesitation in this genus, following McMurrich. It seems

to have almost enough to merit distinction in its very definite

cyclic rows of vesicles, rather comparable to the verrucae of

B u n d a c t i s gemmae e a in arrangement—but there are



286 T. A. STEPHENSON

at any rate tendencies in this direction in other species

(cf. P. sphaerulata), and I leave it at that for the time

being. I think my fusion of B u n o d o s om a with R i v e t i a

and Phymactis can be supported in the same sort of

way as Torrey's fusion of Bunodactis with Antho-
pleura, &c. It has been seen from time to time that

sphincter-detail alone cannot always separate species ; that

acrorhagi are too variable (cf. P. granulifera in which

they may be well developed or barely discernible) to be invari-

able ground for separation ; and there do not in this case seem

to be any valid distinctions to be based on the vesicles. The

siphouoglyphe-variation and lack of directives in P . (B i v e t i a)

papillosa has parallels elsewhere, and is hardly in itself of

generic weight.

Cystiactis, M. Edw., 1857. (See Haddon and Duerden, 1S9G,

p. 154.)

Phlyctenactis, Stuckey, 1909, p. 396.

Phyllactidae with the coluiim covered by simple sessile or .slightly

pedunculate vesicles. No acrorhagi. lyongitudinal inusculature of

tentacles mesogloeal. Sphincter absent or diffuse. l*iiuiary mesen-

teries may be sterile. Retractors chfluse.

Species :

C. tuberculosa, Q. and C, 18.3.3. p. 159. (8ee Haddon «nd

Duerden, 1896, p. 156 ; Lager, 1911.)

C. retifera, Stuckey, 1909, p. 396.

C. morrisoni. Stuckey, 1909, p. 396.

?C. Koellikeri, Pax,' 1910, p. 180.

And other older species not yet well known.

I have placed Stuckey 's Phlyctenactis under Cysti-

actis, with which it seems to be identical, especially if the

tentacular muscle is mesogloeal, as his figures lead' one to

believe. C. Koellikeri may belong here or under Phy-
mactis. Cystiactis is distinguished from Phymactis
by its simple vesicles, constant absence of acrorhagi, meso-

gloeal tentacle-muscle, and on the whole weaker musculature.

BuNODEOPSis, Andres, 1880. (See Duerden, 1897 and 1902.)

Phyllactidae with the body broad and flattieh below, covered with
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vesicles ; narrower and devoid of vesicles above, thus having a smooth

extensile capitulum. The capituluni has a tentaculate margin, and both

it and the long tentacles are retractile. The latter have little stinging

spots on them, and moreover each has a sphincter at its base, as in

Bolocera, so that it is deciduous. The vesicles may be simple and

sphaeroidal or compound, sessile or stalked, and have nematocysts in

at least parts of their ectoderm. Tentacular longitudinal muscle ecto-

dermal. There is ectodermal longitudinal muscle in body-wall and

actinopharynx, and there are no siphonoglyphes : but the mesenterial

filaments have ciliated tracts as usual. Sphincter absent or weak diffuse.

Number of perfect mesenteries variable, about four to twenty pairs,

the irregularity probably connected with fission and laceration as modes

of reproduction. Retractors diffuse. Tissues delicate. Habitat, weeds,

stones, &c.

Species :

B. strumosa, Andres, 1880, p. 315. (See Duerden, 1897 and

1902, ' Trans. Linn. Soc.')

B. antilliensis, Duerden. 1897, p. 7 ; 1902, ' Trans, Linn. Soc'

B. globulifera, Verr., 'Trans. Connect. Acad.', x, p. 559.

(See Duerden, 1902.)

?B. australis, Haddon, 1898, p. 435.

B. australis may not really be a Buiiodeopsis
;

its anatomy is unknown and it has only a single circle of vesicles

near the base, and does not seem quite like the others. V i a t r i x

globulifera, D. and M., is perhaps the same as B . globuli-

fera.

Thaumactis, Fowler, 1889, ]). 148.

Phyllactidae probably. Only described species a small form flattened

like a disc, with the mouth in the middle of the upper side ;
perhaps

free-swimming. The column has irregularly arranged simple or slightly

compomid vesicles. There are a few marginal tentacles, with ecto-

dermal longitudinal musculature. Body-wall and actinopharynx have

ectodermal longitudinal musculature. No siphonoglyphes. Weak
diffuse sphincter. Mesenteries not numerous, with weak musculature.

Species :

T. meduaioides, Fowler, 1889, p. 143.

Lbbrunia, D. and M., 1860.

Probably Hoplophoria as used by Wilson, 1890, p. 379,

for H. coralligens, not as used by Haddon, 1898,

p. 438, for H. cincta.
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Phyllactidae with no marginal acrorhagi or fosse, but with six, or

four to eight hollow outgrowths just below the margin, these at best

forming large and complicated bunches or ' pseudotentacles '. They
vary as to detail, but are dichotomous in their early branchings ; there

is usually some development of nematocysts on them, these latter being

sfjinetimos definitely concentrated into acrorfiagi on the pseudoten-

tacles, which may differ in colour fi(jm the rest of the pseudotentacles.

No sphincter. Tentacles not retractile. Retractors diffuse. Mesenteries

may be all fertile, save perhaps the directives.

Species :

L. danae, 1). and M., 1860. p. 47. (Sec Pax, 11»10, p. 2U!J

;

McMurrich, 1881t, ' Journ. Morph.', p. 31, &c. ; Verrill, ' Trans,

Connect. Acad.', x ; Verrill, 189!) ; McMurrich, IWo.)

L. ueglecta, D. and M., 1860, p. 4:8. (See same references as

for L. danae.)
?L. coralligens, Wilson, 1890, p. 379. (See Haddon, 1898,

p. 437, and Ducrden, 1898, p. 456, and 1902.)

Verrill consitlers L . danae and L . n e g 1 e c t a distinct

species because of the acrorhagi on the fronds of danae;
McMin-rich seems to think they run into each other. Duerden

thinks that Hoi)lopht)ria coralligens is a liebriinia.

Family 7. Minyadidae, sens, strict.

Minyadidae, Ai'.dres, as used by Haddon, ISllS, p. 408.

Endomyaria (?) in which the base forms a float. It is hollowed out

and has in-drawn edges with onlj' a slight opening, the cax-ity being

filled by a chitinous mass which is porous and exhibits a more or less

definite structure. The body is smooth in the one form best known
;

it has forty tentacles, one siphonoglyphe, ten pairs of perfect mesenteries

with strong circumscribed to circumscribed-diffuse retractors, and ten

pairs of imperfect mesenteries ^vith more diffuse retractors. The endocoels

are larger than the exocoels, this giving a curious appearance to a traiLs-

verse section. Not more than one tentacle to each exo- and endocoel.

Sphincter endodermal—well-developed circumscribed according to

Carlgren, consisting only of a single fold according to Haddon.

Genus : S t i c )] o p h o r a

.

Stichophora, Brandt, 1835.

8. torpedo. Bell, 1885. p. 114. (Minyas torpedo.)

See above definition, and also Part II, p. 588, and Carlgren,

1894, p. 19, and Haddon, 1898, p. 4G5.
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Family 8. Phymanthidae.

Phymanthiclae as used by Carlgreii, 1 900, p. GG.

Phymanthidae, Andres, as used by Duerden, 1900, p. 188.

Including Thelaceridae, Mitchell, 1890.

Endoniyaria with definite but sometimes reduced and half-physa-

like base, which is more usually, however, well developed. Form of

body variable. Cinclides may be present. Verrucae usually present.

No sphincter or only a trace. Tentacles of two sorts, marginal and

discal. Marginal tentacles in cycles in the usual way, rarely smooth,

usually with greater or less development of paired lateral swellings or

outgrowths, which may be simple or ramified, insignificant or conspicuous.

Oral disc with short papilliform or not much developed tentacles as a rule

—they are occasionally absent ; when present they may be connected

with endocoels only, or with both endo- and exocoels. Mesenteries

typically with well-developed retractors, which in the best cases are

circumscribed. A good many mesenteries are perfect.

Genus : P ii ym a n thus.

Phymanthus, M. Edw., 1857.

Thelaceros, Mitchell 1890.

Phymanthidae. Base variable, from well develojied to small or

reduced and capable of being half like a physa. Form of body variable-

—

may be trumpet shaped or almost Halcampa-like, and so on. C/in-

clides may be present near the base. Upper part of body with verrucae,

which may occur in vertical rows ; they may attach foreign bodies
;

they may be insignificant. Margin crenulated or jirovided with acro-

rhagi which may even be somewhat compound ; rarely no verrucae or

acrorhagi ; there may be a fosse. Marginal tentacles (arrangement may
be hexamerous or octamerous) smooth (rarely) or provided with feebly

or strongly developed lateral, usually paired, swellings, which may
be merely low knobs or may amount to short ramified branches ; they

may meet across the oral face of the tentacle ; and grades between their

presence and absence are found. Discal tentacles usually sessile out-

growths of the cUsc ; they may resemble the marginal tentacles in

miniature, or may be merely papilliform, or even scarce, reduced, or

absent (see Part II, Text-fig. 14, h). The whole disc may become some-

what folded. The mesenteries are a good many of them perfect, and the

stronger ones have usually strong retractors, sometimes diffuse but at

their best circumscribed (see Part II, Text-fig. 4, e) ; the older ones

or all of them fertile, save sometimes the directives. Little or no sphinc-

ter. RacUal musculature of disc and tentacles ectodermal or with



290 T. A. STEPHENSON

a inesogloeal tendency. May be retractile or not. Actinopharynx and

siphonoglyphos may have weak ectodermal muHcle.

iSpecicH :

P. crucifer, Les., 1817, p. 174. (8ee Duerden, 19(M», p. 13U;

Pax, 11)10, p. 222 ; McMurrich, ' Joiun. Morph.', 188!), &c.)

P. sausibaricus, Carlgr., 1900, p. 67.

P. strandesi, Carlgr., 1900, p. 68.

P. loligo, Ehr., 18.34, p. 41. (See Carlgren, 1900, p. 70.)

P. m us cos us, H. and S., 1893, p. 122. (Sec Huddou, 1898,

p. 496, and Kwietniewski, 1898.)

P. rhizophorac, Mitchell, 1890, p. .557.

P. levis, Kwiet., 1898, p. 421.

? P. caeruleus, Q. and G., 1833, p. 157. (See Pax, 1912, p. 312.)

And perhaps others.

Phy man thus is an easily idenlifiod genus, and interesting

as giving bints as to its evolution in the species which verge in

structure in the direction of H a 1 c am p a . The genus C r a ni -

b a c t i s of Haeckel is invalid ; Carlgren states that the queer

inner tentacles were only extruded filaments (1900, p. 58).

Family 9. Heteranthidae, Carlgr.

Hclcranthidae, Carlgr., 1900, p. 72, 1900 (' Ofv. Vet.-Akad.

Forh.'), p. 27S.

Ebodactidae, Andres, as used by Haddon, 1S98, p. 476,

pro parte.

Endomyaria with definite base. The column in the only known form

has verrucae and fosse, the distal margin with little warted lobes ; the

sphincter is not very strong, endodermal circmuscribed" ; the tentacles

are distinctly marked off into marginal and discal, the marginal short

conical, the discal wart-like, in rows ; the mesenterial musculature is

well developed.

Genus : H e t c r a n t b u s

.

Heteranthub, Klunz,, 1877.

H. verruculatus, Klunz.,- 1877, p. 84.

See above definition for chief characteristics. I know nothing

of this family save the details here given, which are taken from

Carlgren, 1900, p. 72.
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Family 10. Homostichanthidae, Carlgr.

Homostichanthiclae, Carlgr,, 1900, p. 118.

Discosomidae as used by Duerden, 1900, p. 154, pro
parte.

Endomyaria with definite base. The known form has smooth body
but for possible acrorhagi. Sphincter not strong, circumscribed diffuse.

Retractors diffuse. Tentacles all of one sort, simple, may be short

and more or less papilliform, in radiating series on the exocoels as well

as the endocoels. Numerous perfect mesenteries.

Genus : H o in o s t i c li a n t bus.

HoMOSTicHANTHUS, Duerdeu. 1900, p. 160.

Homostichanthidae in which the body may be elongate, smooth ; distal

part may be somewhat folded. Margin with elevations, possibly acro-

rhagi, and slight fosse. Retractile. Tentacles short, smooth, slightly

capitate, knob-like, their stems glandular and heads nematocystic, their

longitudinal musculature ectodermal. Slight circumscribed-diflfuse

sphincter. Numerous perfect mesenteries and diffuse retractors.-

Species :

H. duerdeni, Carlgr., 1900. p. 117. (See Duerden, 1900, p. 167.)

Family 11. Aurelianidae.

Aurelianidae, Andres, as defined by Carlgren, 1900 (small

paper on Stichodactylines), p. 279.

Endomyaria with definite base, which may be large or small. Body
may have more or less cuticle, or may have small vesicle-like veirucae

below the margin. The tentacles are small vesicular outgrowths, often

lobed, two or three or many communicating with each of the main

exo- and endocoels. Sphincter strong circumscribed (see Part II, Text-

fig. 13). Main mesenteries very strongly muscular, the retractors

exhibiting at their best the extreme of circumscription and distinction

from the mesenterial surface. All stronger or all mesenteries perfect

and fertile. Only one siphonoglyphe. Radial musculature of disc and

tentacles, such as it may be, ectodermal or mesogloeal.

Genera: Aureliania, Actinoporus.

Aureliania, Gosse, 1860, p. 282.

Probably Leiotealia, Hertw., 1882, p. 37.

Aurelianidae with a very wide base, so that the body slopes inwards

more or less to the narrower disc. No verrucae. Body divided more or
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less definitely (the distinction not necessarily externally clear) into an

extensive scapus (to which usually adheres a rougliish brown cuticle,

much or little of it) and a more delicate capitulum or puffy marginal

region, the ectoderm of which may contain spirocysts. Distinct fosse.

The tentacles are short knobs, sometimes \vith stems, arranged so that

two communicate with each main exocoel, and two or three with each

main endocoel (see Part II, Text-fig. 14, a). Besides being in short

radial rows they are so placed as to form cycles which alternate, though

not in the genuine ' Actiniine ' way. They are some simple, some

lobed, and in a living specimcMi one can distinguish different tentacle-

forms for the dillVrent concentric rings. Sphincter fairly to very strong,

circumscribed, with a heavy central axis of mesogloea (see Part II,

Text-fig. 13, b). Radial musculature of disc and tentacles where present

curious, chiefly mesogloeal. All stronger mesenteries perfect, fertile,

with filaments and retractors ; the retractors very unusual, powerfully

circumscribed (see Part II, Text-fig. 4, b), and attached to the mesentery

by one edge only for part of their extent, and with an axis of mesogloea.

Thei'e may be additional weak mesenteries beyond the main macro-

cnemes.

Species :

A. augusta, Gosse, 1860, p. 283. (See Faurot, 1895.)

A. heterocera, Thompson, 1853.

A. regalis, Andres, 1883, p. 496. (See Carlgren. 1900. short

paper on Stichodactylines, p. 279, &c.)

? A. nymphaea, Hertw., 1882, p. 38.

I have personally studied A. augusta, both alive and

anatomically, and I do not know why Andres assumed it to be

the same as his A. regalis. It is not impossible that

C apnea, Forbes, is the young of A u r e 1 i a n i a ; be_youd this

suggestion it cannot yet be allocated. Then there is the

question of Hertwig's genus Leiotealia. It lias generally

been assumed (and I shared the idea formerly) that this is

identical with E p i a c t i s or I s o t e a 1 i a , Init this overlooks

certain details of its structure. I have recently been able to

investigate two species of Aureliania, A, a a gust a and

a possibly new one, and on re-reading Hertwig's description in

the light of this, it becomes evident that in all features one can

be sure about the two genera really share essentials. An
examination of the original Challenger specimen confirmed the

idea. The one uncertain though necessary poitit is that it is
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not known whether Leiotealia has more than one tentacle

to each main endocoel and exocoel or not ; Hertwig apparently

thought only one, but the specimen is small and so contracted

(and Aureliania has cycles as well as radical rows) that

it is hard to tell. The other things seem to point to its being

an Aureliania, which in that case should be called

A. nymphaea, Hertw. ; whether it is A. nymphaea.
Drayt., is another matter. It has smootli body without

verrucae or acrorhagi, small button-like tentacles, pinnate

sphincter with stout mesogloeal axis, mesogloeal radial disc-

muscle ; only the mesenteries of cycles 1-3 have distinct

retractors, and these are great circumscribed things attached

only at one edge. These things are all found in Aureliania
(not necessarily only three cycles of mesenteries with retractors

of course), as are also the wide base and jDyramidal form of

nymphaea, and some of them are very characteristic

features. The sphincter is less developed in nymphaea
than in the others. In view of the general evidence it seems

prolmble that the Stichodactyline tentacle-plan may be

assumed.

AcTiNOPORus, Duch,, 1850. (See Duerden, 1900, p. 174;

Carlgren, 1900, short paper on Htichodactylines, p. 283.)

Aurelianidae with definite but not specially wide base—it may even

be somewhat reduced. Tlie body maj' be long. There may be rather

vesicle-like verrucae below the sphincter, of which the main ones some-

times form a sort of collar. Deep fosse. Disc not extensive, but notched

into little permanent lobes or lappets at its margin, which correspond

in number to the eudocoels and exocoels. Tentacles short vesicular

knobs, may be lobed, many communicating with each exocoel and

endocoel, the tentaculate areas thus formed separated from each other

by radial grooves. Sphincter strong circumscribed (see Part II, Text-

fig. 13, a). Mesenteries all perfect and all or mostly fertile, with very

strong circumscribed retractors which may be broadly or narrowly

attached to the mesenteries, partly according to region. Disc and

tentacle muscle very weak, ectodermal if present.

Species :

A. elegans, Duch., 1850, p. 10. (See Duerden, 1900. p. 175.)

A. elongatus, Carlgr., 1900 (small paper on Stichodactylines),

p. 283.
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Family 12. Actinodendriuae.

Actinoflendridao, Haddon, 1898, p. 488 ; Carlgren, 1900,

p. 96.

Aeremodactylidao, Dendrianthidae, Kwiet., 1897-8.

Endomyaria with definite base, not always well marked off from the

coliunn, and it may be small. Smooth wall. No special margin. No
sphincter or a slight diffuse one. Disc produced into permanent arm-

like lobes, which are arranged in cycles like large tentacles, each bearing

numerous tentacles or branches on it (see Part II, Text-fig. 14, K) ; these

tentacles may be arranged all round the lobes or be more or less absent

from parts of them, and may bo themselves simple or immched, and in

the latter case giving the whole arm a dendritic effect (see Part II.

Text-fig. 10). Mesenteries all (or twelve pairs only perfect) perfect

and fertile, except sometimes the directives, with strong retractors.

Radial mustnilature of disc and tentacles ectodermal. There may be

concentrations of nematocysts in the tentacle-lips, in little thickenings.

The discal arms correspond one to each endocoel in the inner cycles,

on(i to each exocoel in the outer, the size varying according to cycle.

Genera : A c t i n o d e n d r o n , A e < i n o s i (> p li a n u s

,

M e g a 1 a c t i s

.

Actinodendron, JMaiiiv., 1H30, p. 287.

Acremodactyla, Kwiet., 1S9S.

Actinodendridae in which the tentacles are arranged all roiuid the

arms, and are themselves branched, and may have nematocystic

thickenings at their tips. Very strong diffuse retractors. (See Part II,

Text-fig. 19, for appearance of A, plumosum.)

Species :

A. plumosum, Haddon, 1898, p. 490. (See Saville Kent, 1893.)

A . g 1 om e r a t um , Haddon, 1898. p. 492. (See Saville Kent, 1 893

and 1897.)

A. hansingorum, Carlgi-., 1900. p. 98.

A. ambonensis, Kwiet.. 1898, p. 401. (See Carlgi-en, 1900.

p. 96.)

And probably others.

AcTiNOSTEPHANus, Kwiet., 1898, p. 40B.

Actinodendiidae in which the tentacles are irregularly arranged on

the arms and are simple. Strong retractors.

Species :

A. haeckeli, Kwiet., 1898, p. 403.
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Megalactis, Ehr., 1834.

Actinodendridae with the arms longer than in Actinodendron,
the oral faces of the arms freer from tentacles, the ultimate branches of

the tentacles simple and pointed, not bifid. (See Part II, Text-fig. 14, K.)-

Species :

M. griffithsii, Saville Kent, 1893, pp. 35, 147. (See Haddon,

1898, p. 493.)

And probably at least one other.

I have followed Haddon and Saville Kent in keeping

Megalactis separate from Actinodendron, as I think

it should lie, although not yet well known.

Family 13. Thalassianthidae.

Thalassianthidae, McM., as used by Haddon, 1898, p. 482,

and Carlgren, 1900, p. 86.

Endomyaria with definite base. Body with or without verrucae

above. Disc circular or waved or puckered. Not more than one den-

dritic tentacle to each exocoel—exocoelic tentacles all dendritic. Several

simple or dendritic tentacles and several (sometimes many) modified

tentacles or nematospheres on many of the endocoels, these sometimes

gathered up on to a definite permanent elevation or even finger-like

lobe of the disc (the nematospheres being aboral), which may cover an

endocoel and the two adjacent exocoels. Sphincter of variable develop-

ment, from more diffuse to more circumscribed, not very strong. Mesen-

terial musculature well developed, but not unusually strong, retractors

more or less diffuse. Numerous perfect mesenteries.

Genera : T h a 1 a s s i a n t h u s , C r y p t o d e n d r o n

,

A c t i n e r i a .

Thalassianthus, Leuck., 1828.

Heterodactyla. Ehr., 1834.

Thalassianthidae with verrucae above, which may be in rows, or with

none, and they may vary in distinctness. Margin may be distinct or

notched. Disc may be folded or puckered up, or not. Marginal tentacles

dendritic, without nematospheres, not more than one per exocoel. The

endocoelic tentacles are also dendritic, but many of them arranged on

elevations or permanent lobes of the disc, and occupying the more oral

part of the elevation, which typically possesses aboi'ally a bunch of grape

-

like stinging batteries or nematospheres (see Part II, Text-fig. 14, e).

Siphonoglyphea two or several, directives present in the first case,

NO. 262 y
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absent in the second. Sphincitoi' weak to moderate, more diffuse to more

circumscribed. Radial muscle of disc ectodermal. Retractors diffuse

or more like circumscribed diffuse, numerous mesenteries perfect.

gonads chiefly on stronger imperfects, or on the older mesenteries save

sometimes the directives.

Species :

T. aster, Leuck. in Riippel, 1828, p. ">. (See Carlgren, 1900,

p. 87.)

T. kraepelini, Carlgr., inOO, p. 91.

T. senckenbergian us, Kwiet.. 1897, p. 337.

T. hemprichi, F^hr., 1834, p. 42. (See Carlgren, 1900, p. 94;

Haddon, 1898, p. 485.)

T. hypnoides. Saville Kent, 1893, p. 148. (See Haddon. 1898,

p. 48G.)

1 liiivc joined Tlialassiantlins and Heterodactyla
because 1 cannot find any really important differences between

them. The definition given covers both, "j'he presence of

several siphonoirlyphes in some species, and no directives,

of two siphonoglyphes and two pairs of directives in others,

seems no valid ground of separation.

Cryptodendron, Khmz., 1877.

Thalassianthidae with or without suckers on upper part of body,

and with somewhat crenulated margin. Wide irregularly-folded disc.

Three sets of tentacles : (n) a set of short exocoelic marginal dendrites ;

(b) radial rows of short, simple, and dendritic tentacles on the inner part

of the disc ; and (c) an intermediate zone of nematospheres. Sphincter

weak to moderate, circumscribed. Well-developed diffuse retractors.

The nematospheres especially have apical batteries of sting-cells and

glandular stems. Radial musculature of disc and tentacles ectodermal.

The nematospheres are in sessile packets, and they and the discal

dendrites are endocoelic.

Species :

C . a d h a e s i V um , Klunz.. 1877. p. 86. (See Haddon, 1898. p. 483,

and KAvietniewski, 1896.)

AcTiNERiA, Blainv., 1S80.

Thalassianthidae A\'ith vertical rows of verrucae in upper part of

column, parapet notched a little. Wide folded disc, bare in the middle,

with small permanent lobes at the edge. Exocoels ^\ath dendritic

tentacles, endocoelic lobes with dendrites (which run inwards on the

disc) on the oral side and a mass of nematospheres aborally. Sphincter
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not very -strong, sessile circumscribed. Numerous perfect mesenteries.

Older mesenteries fertile, but probably not the directives.

Species :

A. dendrophora, H. and S., 1893, p. 123; Haddon, 1898,

p. 487.

And probably also A. villosa, Q. and G., 1833, p. 156.

Family 14. Stoichactidae.

Stoichactidae, Carlgr., 1900, p. 72 ; 1900 (
' Ofv. Vet.-Akad.

Porh.'), p. 278.

Discosomidae, Klunz., as used by Haddon, 1898, p. 469,

pro parte.

Endomyaria with definite base. Column usually but not always

verrucose above. Size souietimes very large. Tentacles simple, but for

scattered bifid or multifid tentacles which sometimes occur sporadically

among the others ; they may be fairly long and quite ordinary, or may
be short or wart-like, or even short columns with spherical heads. They
are all of one sort in the same animal, and there is not more than one

to each exocoel ; the endocoels may in rare cases have only one tentacle

each, but usually at least some of them have more—the stronger ones

may have radial rows (see Part II, Text-fig. 14, f), or all the endocoels

may have either one or several rows. Sphincter strong or not very

strong, more or less diffuse to more or less circumscribed. Mesenterial

musculature well developed, retractors weaker or stronger but not

unusually strong, diffuse. Numerous perfect mesenteries. Gonads may
occur on all mesenteries^usually the older ones are fertile save some-

times the directives, but not always. Tentacular longitudinal muscle

ectodermal.

Genera : Stoichactis, Eadianthus, Antheopsis.

This family is itself very clearly marked off from others,

but within it, it is difficult to satisfactorily separate off genera.

The thfficulty is increased because some descriptions of the

forms do not give enough data. At best, it seems that there are

only three sound genera to be distinguished, three stages

in the evolution of very similar creatures ; they form a series

really, and I do not feel perfectly confident that they do not

all form one large genus. At any rate more than three it is

unwise to insist on ; some pairs of names have been given

to similar forms, and some of these must now become synonyms.

y 2
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In A ti t h e p s i s ( = S t i c h o d a c t i s) the condition is some-

times purely ' Actiniine
'—^not more than one tentacle to each

exo- and endocoel ; but the more noimal state is for there

to be more than one tentacle ; or a row, on the older endocoels

but not tlie younger.

In R a d i a II t h u s (
=H e 1 i a n t h o p s i s) comes the stage

where all the endocoels have radial rows, but there is only

about one row on each. In Stoichactis ( = Disco-
somoides) the last stage is attained, and there are not only

radial groups on all the endocoels, hut usually more than one

row abreast in each group ; and the tentacles have often

specialized in small size. As far as sphincters are concerned,

I think comparison with other families vn\\ show that their

exact form cannot be used here as a generic distinction. In

the lists of species given below it should be remembered that

a form here and there may be allocated to the ^^Tong genus

because of insufficient data about it ; but some re-arrangement

has been made intentionally to get the three grades clearlj*

separated off. The readjustments mainly mean a transference

to Antheopsis of some forms originally described under

Radianthus, Stichodactis, and Helianthopsis,
and a consequent depletion of the true genus Radianthus.
This has been necessary to get together all the forms with

radial rows of tentacles on the older endocoels only. It is not

much of a distinction, but if the two genera are to l.>e kept

apart at all it must be insisted on. That the sporadic occurrence

of a few cleft tentacles in some species should be used as

a generic character M'ould be a mistake.

Stoichactis, Haddon, 1898, p. 472.

D i s c s o m o i d e s , Haddon. 1 898, p. 470.

Stoichactidae. Some species attain enormous size, up to about two

feet across, and often Crustacea or fish are commensal with them. The
body is usually wider above than below, and above with suckers which

may be in vertical rows—these may. however, be rudimentary or absent,

present or not even in the same species. Margin barely or slightly or dis-

tinctly marked, may be notched. Disc simple or little or much folded.

Tentacles not very long at best, usually short or very short ; digit iform
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or subulate ; or wart-like ; or wider at the tip than at the base ; or

forming short stems with spherical heads. Only one tentacle per exocoel,

a good many on each endocoel, usually more than one row abreast per

endocoel ; the rows may be very irregular. Sphincter weaker or stronger,

circumscribed diffuse to well circumscribed. A cleft tentacle sometimes

occurs among the others. Siphonoglyphes and directives variable in

number.

Species :

S. kenti, H. and S., 1893, p. 119. (See Saville Kent, 1893, p. 144 ;

Haddon, 1898, p. 473.)

S. haddoni, Saville Kent, 1893, pp. 32, 144. (See Haddon, 1898,

p. 474.)

S. helianthus, EUis, 1767, p. 436. (S. anemone, Ellis, 1767,

p. 436.) (See Duerden, 1900, p. 162 ; Pax, 1910, p. 227 ; McMur-

rich, ' Journ. Morph.', 1889.)

S. ambonensis, Kwiet., 1898, p. 410.

S. tuberculata, Kwiet., 1898, p. 412.

S. giganteum, Forsk., 1775, p. 100. (See Carlgren, 1900, p. 77.)

S. tapetum, Ehr., 1834, p. 32. (See Carlgren, 1900, p. 74.)

S. laevis. Lager, 1911, p. 240.

S. intermedia. Lager, 1911, p. 238.

S. australis. Lager, 1911, p. 241.

S. fuegiensis, Dana, 1846. (See McMurrich, 1893, p. 200.)

Eadianthus, Kwiet., 1897, p. 331.

Helianthopsis, Kwiet., 1898, p. 417, pro parte.

Stoichactidae with or without suckers on upper part of body. Margin

fairly well marked. Tentacles shorter or longer, but not mere papillae.

More than one tentacle communicates with every endocoel (not more

than one per exocoel), but only about one row on each. Here and there

may be cleft tentacles. The disc may be lobed. Sphincter more or less

diffuse to weak or medium circumscribed.

Species :

R, lobatus, Kwiet., 1898, p. 414.

R. mabrucki, Carlgr., 1900, p. 82.

?R. parvitentaculatus, Q. and G., 1833, p. 165. (See Pax,

1912, p. 314.)

Antheopsis, Simon, 1892.

Stichodactis, Kwiet., 1898, p. 415.

Eadianthus, Kwiet., 1897, p. 331, pro parte.

Helianthopsis, Kwiet., 1898, p. 417, pro parte.

Stoichactidae with suckers in the upper part of the body or not ; if
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they are there foreign bodies may adhere to them ; margin distinct, may
be crenulated. Disc circular or more or less lobed. Tentacles shorter

or longer, may attain good length : at any rate not mere papillae. Not

more than one tentacle per exocoel. As to the endocoels (see Part II,

Text-fig. 14, f), there are never radial rows on all of them ; usually

there are radial rows on the older ones or some of them, but these

vary in length—the larger ones may contain a good many tentacles or

only a few ; the rows are more or less single, and sometimes they arc

quite absent so that the form is not ' Stichodactyline ' as to tentacles

at all, having only one per endocoel. Cleft tentacles may occur here and

there among the others. Sphincter weak or moderate, diffuse, circum-

scribed diffuse, or circumscribed. Number of siphonoglyphes and

directives variable.

Species :

A. koseirensis, Klunz., 1877. p. 77. (See Simon, 1892, and

Carlgren, 1900, p. 85.)

A. ritteri, Kwiet., 1898. p. 417. (See Carlgren. 1900, p. 81.)

A. kuekenthali, Kwiet., 1897, p. 332.

A. papillosa, Kwiet., 1898. p. 415.

A. macrodactylus, H. and S., 1893, p. 120; Haddoa, 1898,

p. 471.

A. main, H. and S., 1893, p. 120; Haddon, 1898, p. 472.

A. carlgreni. Lager, 1911, p. 243.

A. concinnata, Lager, 1911, p. 244.

A. glandulosa. Lager, 1911. p. 246.

A. kwietniewskii. Lager, 1911, p. 247.

8iib-order MADREPORAEIA.

I do not wish to suggest, even vaguely, to which of the

skeleton-forming corals the genera defined below are related.

The ground for ])lacing them under Madreporaria will be found

in Part II, p. 510. To save repetitions, a general statement

covering Corallimorphidae and Discosomidae is given first,

but it is not meant as the definition of a sub-tribe, although it

would serve that purpose if such a sub-tribe were needed.

Madreporaria which secrete no definite skeleton. They may live quite

a solitary life, or may live together in numbers. They frequently repro-

duce by fission, and compound iucUviduals with several mouths may be

found, or individuals connected by a coenosarc. There is a definite

base. The body is smooth, and variable in form and consistency. The
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tentacles are arranged so that more than one communicates with some

at least of the endocoels, and sometimes more than one with exocoels

also ; they may be simple, knobbed, or branched, and so on, and there

may be more than one sort in the same species ; they may be reduced

and wart-like (Part II, Text-fig. 3), or even reduced to nothing externally

visible. There are typically no siphonoglyphes—these are recorded in

some cases but their existence probably needs confirming. The mesen-

terial filaments have no ciliated tracts. Sphincters are absent or weak

diffuse. Sting-cells of a size characteristic more of Madreporaria than of

Actiniaria are usually present somewhere in the body (see Part II,

Text-fig. 6). There are usually a good many perfect mesenteries, as

a rule twelve or more pairs, and there is no distinction of them into

macro- and microcnemes. The longitudinal mesenterial musculature

consists typically of a feeble layer, not forming the sort of sheet or

retractor characteristic of Actiniaria (see Part II, Text-figs. 4 and 5).

Basilar muscles are absent. Ectodermal muscle present at least some-

times in the body-wall, sometimes probably absent. Directives usually

present, varying in number. The large sting-cells may occur in tentacles,

actinopharynx, mesenteries, body-wall.

Family 1. Corallimorphidae.

Corallimorphidae, Hertw., 1S8'2, \). 21 ; Carlgr., 1900, p. 19.

Size larger or smaller ; habit solitary or gregarious, individuals may
be connected by coenosarc. Ectodermal muscle in body-wall present at

least in some cases. Tentacles simple, knobbed at the tips. Not more

than one tentacle per exocoel, more than one on at least the older

endocoels.

Genera : C o r a 1 1 im o r p h u s , I s o c o r a 1 1 i o ii

,

Corynactis.

Corallimorphtjs, Moseley, 1877, p. 299.

Corallimorphidae with weak musculature throughout. Body-wall

ectoderm has weak longitudinal musculature. No sphincter. Body-wall

and oral disc may be very thick and cartilaginous, and animal may

attain fairly large size. Tentacles simple, and all knobbed at the tip

(see Part II, Text-fig. 14, g), divided into two sorts, marginal and

discal. There is never more than one tentacle of each sort arising

from one and the same endocoel. The exocoelic tentacles are the

smallest of the marginal series, taken on the whole, and the discal

tentacles correspond to the endocoels of the inner marginal tentacles.

There may be a good deal of irregularity.
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iSp(!cies :

C. ligidus, Moseley, 1877, p. 301. (.See Hertwig. 1882, p. 23, and

1888, pp. 9, 10 ; Stephenson, 1920 b, p. 178.)

C, profundus, Moseley, 1877, p. 300. (See Hertwig, 1882, p. 28,

and 1888, pp. 9, 10; Stephenson, 1920 b, p. 178.)

C. obtectus, Hertw., 1888, p. 9. (See Stephenson, 1920 b.

p. 178.)

C. ingens, Gravier, 1918, p. 23.

The above definition of the genus is practically that given

in my short note on the genus Corallimorphus (' Proc.

R. I. Acad.', 1920, B. 9). I began it there with the words
' Stichodactyline Actiniaria ', this being provisional, as I had

not then worked out my idea of its being a skeleton-less coral

fully enough for publication. I have listed the four species

here for reference purposes, but as before suggested, I am
inclined to tljink thej'' are all one, and the more so since dealing

with another specimen from an Antarctic collection and looking

at the Challenger specimens. C. ingens is probably the same

as the others. If the four listed are to be separate, my Irish

form would make a fifth.

IsocoRALLiON, Carlgr., 1900, p. 19.

C h a 1 rn e r s i a , Del. and Her., 1 901 , p. 536.

Corynactis as used by Hertwig for Corynactis, sp.,

1888, p. 10.

Corallimorphidae differing from Corallimorphus in ha\'ing the

ectodermal muscle in the body-wall stronger, and with normally two

disc-tentacles on each of the oldest radii of the disc.

Species :

I. hertwigi, Carlgr., 1900. p. 19. (See Hertwg, 1888, p. 10,

Corynactis, sp.)

I feel doubtful of the distinctness of this genus from Coralli-

morphus, but hardly enough is yet known of it to justify

their fusion.

Corynactis, Allm., IS-K). (See Duerden, 1898, p. 635, izc.)

Corallimorphidae of small size, often gregarious in habit, sometimes

forming large sheets of individuals ; often clusters or paii's of individuals

are found attached to each other by a basal coenosarc ; fission is a usual
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method of increase. The individuals are very variable in form, often

trumpet shaped in expansion, and more or less retractile. The tentacles

are knobbed, the outer larger than the inner, and the exocoelic tentacles

largest of all. Some or all of the endocoels have more than one tentacle

connected with them. Tentacle-heads usually with large sting-cells and

little or no muscle, shafts Avith ectodermal longitudinal muscle. Perhaps

very weak ectodermal muscle in the body-wall. Sphincter absent or

weak diffuse.

Species :

C. viridis, AUm., 1846, p. 417. (See Gosse, 1860, p. 289, and

Rees, 1915, p. 543.)

C. globulifera, Ehr., 1834, p. 39. (See Carlgren, 1900, p. 20,

and Haddon, 1898, p. 467.) (?C. hoplites, H. and S., 1893,

p. 118.)

C. myrcia, D. and M., 1866, p. 124. (See Duerden, 1900, p. 181.)

C. carnea, Studer, 1879, p. 542. (See McMurrich, 1904, and

Kwietniewski, 1896.)

C. australis, H. and Duerden, 1896, p. 151.

C . h a d d o n i , Farquhar, 1 898, p. 532. (See Stuckey, 1 909, p. 390.

)

C. mollis, Farquhar, 1898, p. 534. (See Stuckey, 1909, p. 390.)

C. gracilis, Farquhar, 1898, p. 534. (See Stuckey, 1909, p. 390.)

C. albida, Stuckey, 1909, p. 390.

And perhaps others.

Possibly haddoni, mollis, gracilis, and albida
are all one species.

Family 2. Discosomidae, sens, strict.

Discosomidae as used by various authors, pro parte.

Used here in the sense taken by Carlgren, 1900, p. 58.

Including Phialactidae, Fowler, 1889.

Khodactidae, Andres, as used bj'" Haddon, 1898, p. 476,

pro parte.

Size vai'iable. Living singly or in patches. With one or more mouths.

Sphincter absent or weak diffuse. Tentacles simple or dendritic (see

Part II, Text-fig. 14, b, c) or somewhat capitate or curious and urn-like,

or reduced to warts (see Part II, Text-fig. 3), or to little or nothing,

so that they do not show above the surface of the disc at all ; more than

one sort may occur in the same species, and more than one may com-

municate with endocoels and exocoels or with endocoels only, there

being often radial rows. Presence of ectodermal muscle in body-wall

doubtful.
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Genera : Discosoma, Paradiscosoma, Eicordea,
r i 11 i a , K li o d a c t i s , A c t i n o t r y x

.

Discosoma, Leuck., 1H2H.

Discosomidae with tentacles all of one sort, not branched, not knobbed,

may be swollen towards the tips; short, usually wart-like, sometiniCB

reduced or even vanished, so that only traces of them remain as endo-

dermal evaginations in the mesogloea of the disc. Margin of body
straight or more or less notched or irregular. Tentacles in radial rows

on at least some endocoels, sometimes on exocoels too. Sphincter absent

or weak diffuse.

Species :

D. nummiforine, Leuck., 1828, p. 3. (See Simon, 1892, and
Carlgren, 1900, p. 62.)

D. Yuma. Carlgr., 1900, p. 63,

D. Unguja, Carlgr., 1900, p. 64.

And probably others.

I do not. feel clear that all the genera that follow are really

distinct from Discosoma, but am listing them in full.

Taking the family as a whole, the two clearest genera are

Discosoma and Actinotryx. Beyond this there is less

certainty, lihodactis is probably distinct but is little

known. Eicordea and Paradiscosoma seem doubtfully

distinct from Discosoma. Even Oriuia might be only

a curious state of Discosoma, but is more likely to be

distinct than the others: even in Paradiscosoma one

sometimes sees the tentacles collapse on themselves so that

they form little double-walled cups, and it would not take much
to make this into Orinia ; and McMurrich says some of the

more peripheral of them are tuberculiform and not crateri-

form. If there is a naked zone between the marginal and

discal sets, however, that will clinch the distinction. There

are other genera and species which have been referred at one

time and another to this family, before it was properlj^ under-

stood, but these have been cast out as time went on, and are in

this paper referred to their new positions, e. g. Stoichactidae.

Paradiscosoma, Carlgr., 1900, p. 60. (n. nom. for Isaura.)
Discosomidae with margin of disc thrown into small lobes. Otherwise

like Discosoma. (Sec Part II, Text-figs. 3. C, b, 5,)
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Species :

P. neglecta. D. and M., 1860, p. 51. (Isauia neglecta,
D. and M.) (See Carlgien, 1900, p. 60, and Pax, 1910, p. 214.)

A vertical section of a species of P a r a d i s c o s o m a is

given in Part II, Text-fig. 3.

RicoEDEA, D. and M.. ISGO. (See Duerden, 1898, p. 635, &c.)

Discosoniidae which often live aggregated together in patches.

The majority of individuals have more than one mouth, there may be

up to seven or so, the disc being consequently sinuous in outline. Some-
times individuals are found connected by a basal membrane. No
sphincter, though the animal is retractile. Tentacles short and may be

somewhat capitate or rounded at the tip, in radial rows on at least some
endocoels. Stems of tentacles may be glandular, their tips nemato-

cystic.

Species :

R. florida, D. and M., 1860, p. 42. (See Duerden, 1900, p. 156;

Pax, 1910, p. 219 ; McMurrich, 1889, ' Journ. Morph.')

Orinia, D. and M., 1860.

Discosoniidae with tentacular, simple structures in the periphery of

the disc. Inner part of the disc provided with characteristic large um-
like outgrowths. Between the simple tentacles and the urns a tentacle-

free area. (See Carlgren, 1900, p. 60.)

Species :

O. torpida, D. and M., 1860. (See Carlgren, 1900, p. 60, and
McMurrich, 1905.)

Rhodactis, M. Edw. and H., 1851.

?Phialactis, Fowler, 1889.

Discosoniidae with tentacles of two sorts, simple ones round the

mouth and the edge of the disc, branched ones in the middle, which

may arise from pits in the disc ; the two sorts not gathered up into

sharply-separated zones, and no naked area between marginals and

discals. Tentacles may be somewhat capitate in certain states. The
animals may live massed together in patches.

Species :

R. rhodostoma, Ehr., 1834.

R. howesii, Saville Kent, 1893, p. 150. (Sec Haddon, 1898,

p. 478.)

?R. neglecta, Fowler, 1889, p. 148. (See Carlgren, 1900, p. 59-

61. &c.)

And perhaps others.
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AcTiNOTRYx, D. and M., 1860, p. 321. (Soc Duorden, 1898,

p. 635, &c.)

Discosoiixidae which may occur in scores together, crowded so as to

form a carpet, and some individuals have two or more mouths. More

or less retractile. There are simple or nearly simple tentacles or tenta-

culiform outgrowths connected with the margin ; within these is a well-

mai'ked clear zone, then the main part of the disc has dendrites, some at

least in radial rows. Sphincter absent or weak diffuse. (For details

of an Actinotryx see Part II, Text-figs. 14, B and c, 4, D, and 6, a.)

Species :

A. sancti-thomae, D. and M., 1860, p. 45. (See Duerden,

1900, p. 148; McMurrich. 1889, ' Journ. Morph.')

A. bryoides, H. and S., 1893, p. 121 ; Haddon, 1898, p. 479.

And probably others.

2, Appendix.

There are some anemones recently described by Professor

Gravier, whos(^ papers I did not know about, unfortunately,

when Part I of this paper was written, and which should be

mentioned now. I am at the same time giving a few further

details which seem worthy of note about some of Verrill's

genera which can hardly be finally allocated yet, but are interest-

ing as showing the direction which some future work should

take to clear them u}). I regret that by a mischance I over-

looked the genus Euphellia of Pax before, and that also

is included here, together with a few other points.

(i) P r f e s s o r G r a \- i e r '

s form s

.

Professor Gra.^ier has established five new genera and some

new species, as follows :

1. Nectactis (1918, p. 18). N. singularis, 1918, p. 18.

This has the form of a disc thicker in the middle than at the edge,

where the capitate tentacles are, the lower surface of it representing the

column and having a little pit-like base in its middle. Smooth wall and

no sphincter, A good many mesenteries with indiscernible muscles.

It is very difficult to even suggest a position for this form in classifica-

tion. Gravier suggests Minyadidae, but it would not do for that family

as understood here. If there were disc-tentacles one might suggest

CoraUimorphidae, and possibly that would be best even without them

—

but more details are needed.
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2. Thoracactis (1918, p. 12). T. topsenti, 1918, p. 12.

A small form living on the surface of a sponge. It is disc shaped, in-

crusted, the foreign bodies even getting embedded in the mesogloea.

Sphincter mesogloeal, seemingly double. No acontia or cinclides. Weak
mesenterial musculature.

Gravier believes that the gonads develop from the endoderm of the

body-wall. There is not much guide, but the form may be a tiny

Paractid or even, possibly, a Zoanthid ?

3. Telmatactis (1916, p. 236). T. valle-flori, 1916,

p. 286.

This seems to me to be probably identical with Phellia, in which

case the species becomes Phellia valle-flori.

4. Sicyopus (1918, p. 21). S. commensalis, 1918, p. 21.

This lives on a Holothurian, in a hollow of its skin near the mouth.

It has the form of a thick disc, strong mesogloeal sphincter, no acontia

or cinclides, diffuse retractors, all mesenteries fertile. It seems like

a small Paractid of uncertain aflfinities.

5. Gliactis (1918, p. 7). G. crassa, 1918, p. 7.

Here the base envelops A c a n e 1 1 a . There are no verrucae, the

column wall is thick. Good mesogloeal sphincter. Apparently twenty

pairs of perfect mesenteries, probably diffuse retractors. If there are

no acontia or cinclides this seems eligible for one of the Paractid genera,

and probably does not merit generic distinction.

T have not suggested very definitely about the above forms,.

but they are not all very fully studied as yet, and the time

has not come to decide for or against them ; but they will

probably fit into known families.

In addition Professor Gravier has described ncM^ species in

old genera as follows :

1. Paractis flava (1018, p. 4). Either a Paractis in the strict

sense, or belonging to a neighbouring genus.

2. Paractis vestita (1918, p. 5) may have some sort of invest-

ment on the column, and seems to have only six pairs of perfect mesen-

teries, no acontia and cinclides, mesogloeal sphincter ; in which case

it is no Paractis, but an Actinoscyphid near Par an thus, perhaps

eligible for that genus.

3. Actinernus verriUi (1918, p. 6) is not an Actinernus

( =Porponia). since it has a mesogloeal sphincter and is apparently
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not cndocoelactous. Nor is it an Acti nose y ph ia since it has

numerous perfect mesenteries. It must therefore belong to Catadio-
mene or Polys iplionia, as it has basal swellings to the tentacles;

and from the description I gather that it is more likely to be Poly-

siphonia than the other, but further details are needed for decision.

4. iSagartia sociabilis (1918, p. 10). No cinclides. Seemingly

six pairs of perfect mesenteries with weak musculature. If it has acontia

it must be a S a g a r t i o m o r p h
e—certainly not a Sagartia.

5. S. sobolescens (1918, p. 11) is perhaps a Sagartiomorphe
also,

6. Chitonantlius incubans (1918, p. 11) is very exceptional as

a Chondractiniaii in having the three oldest cycles of mesenteries fertile.

Since Chi tonan thus is only a synonvm of Hormathia, the

right name for the species is H o r m a t h i a incubans.

7. Chitonanthus indutus (1918, p. 12) should, similarlj', be

Hormathia i n d u t a

.

8. Chitonanthus abyssorum (1918, p. 13) seems to be either

Hormathia abyssorum or an A c t i n a u g e

.

9. Hormathia elongata (1918, p. 14) seems correctly named.

10. Hormathia? musculosa (1918, p. 15) has apparently no

acontia, so cannot be a Chondractiniid. It has numerous perfect

mesenteries and a mesogloeal sphincter, which bring it to Paractidae ;

its circumscribed retractors and some of its externals suggest Hormo-
soma or Tealidium or Pseudoparactis, but this is uncertain.

. and it may need a new genus.

11. Stephanactis impedita (1918. p. 16) becomes Stephan-
auge impedita, since Verrill has shown that the name Stephan-
actis was preoccupied.

12. Stephanactis inornata (1918. p. 17) becomes Stephan-
auge inornata.

13. Corallimorphus ingens (1918. p. 23) ; see this paper, p. 302.

14. Ancmonia insessa (1918, p. 3) is more likely a Gyrostoma.

(ii) Details from Verrill.

1. Verrill (1899) has explained that the name Stephan-
actis is pre-occnpied (1868), and renamed Hert wig's genus

Stephanauge. There are now recorded, as forms with

mesogloeal sphincter, six pairs of j^erfect mesenteries (not

macrocnemes), no acontia, and a very few (up to about eight)

cinclides, Stephanauge impedita, Grav., S , inornata.
Gray., S. abyssicola, Hertw. (=Actinauge nexilis,

Verr,), S. tuberculata, Hertw., &:c. In Part I of this
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paper I mentioned (p. 487) this genns without being very-

definite about it. I do not think a final decision can be made
even now, but if these cincHdal non-acontiated forms are

estabhshed they will probably need a family Stephanaugidae,

one of the further combinations foreshadowed in Part I. From
the fewness of their cinclides, and from their general characters

one imagines the cinclides to be vestiges not to last much
longer, and probably the forms are descendants of Metridiid

ancestors which have lost the acontia before all the cinclides
;

but it is not even certain yet that there are not really rudimen-

tary acontia, easily overlooked, present, in which case the forms

are actually queer Metridiidae on the way to forming Chon-

dractiniid or Actinoscyphiid or other stages. S. tuber-
culata, at least, has basal mesogloeal swellings to some of

the tentacles. If the others have not they need separation,

and the whole genus and its relations need careful revision.

The related (?) Amphianthus seems to be an Actino-

scyphiid, so far as it is at present known.

2. S y n a n t h u s , Verr. , is probably P a r a n t h u s

.

3. Ammophilactis, Verr., 1899, p. 213.

Body may be long, with small base, divided into smooth scapus with

a collar in which is the mesogloeal sphincter, and capitulum with suckers

which can attach grains of sand. Tentacles in more than two cycles in

the adult. Numerous perfect mesenteries. Strong apparently diffuse

retractors. Older mesenteries fertile.

A. rapiformis, Les., 1817, p. 171. (See Verrill, 1899, p. 213.)

This seems clearly a Paractid, differing from Pseudo-
p a r a c t i s in its single sphincter and suckers.

4. Archactis, Verr., seems very near or identical with

Antholoba.
5. Raphactis, Verr., 1899, p. 144.

Definite base, broadly expanded or stem-clasping. Column with

a capitulum which may be more or less ridged, and a scapus which is often

ridged at the top, where the mesogloeal sphincter Ues, and may also be

tuberculate. Twelve or more pairs of perfect (and at least mostly) fertile

mesenteries, others may be fertile too. Diffuse retractors. Tentacles in

more than two cycles in the adult.

R. nitida, Verr., 1899, p. 144.

R. caribaea, Verr., 1899, p. 205.
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This may he the same as Pseudoparactis, in which

case it takes priority. But it seems distinguished hy its single

sphincter, and distinct fro)n A.m iiiophi lactis in its lack

of suckers.

6. Verrill says Stum [) h i a may have fertile perfect mesen-

teries,, perfect mesenteries 16-24 pairs in large specimens.

7. Antiparactis, Verr., is probably a synonym of

Paranthus.

(iii) Other details.

1. E up belli a, Pax, 190H, p. 475.

Diadumenidae with definite base. Wall may be wrinkled. No papillae

or suckers. Distinctly divided into seapus and capituhiin, the scapus

with an easily-shed investment. No acrorhagi or fosse. J>ong strong

mesogloeal sphincter. Six pairs of macrocnemes. Acontia not specially

strong. There are cinclides in longitudinal rows.

E. cinclidifera. Pax, 1908, p. 475.

The definition of Diadumenidae Avill need slight alteration of

detail to admit this form. It seems to be, if it really has

cinclides, a link between Diadumenidae and Phelliidae, a

Diadumenid on the way to becoming a Phellia.

2. Pax describes a Paraphellia polyptycha (1908,

p. 493), which may be a P a r a p h e 1 1 i a or possibly a 8 a g a r -

tiomorphe.
3. A n d V a k i a is of quite uncertain standing and more needs

to be knowai of it.

4. Allantactis seems to be the same as Sagartio-

morphe, and if this is so the name has priority.

5. Octineon, Moseley, M. S. (See Fowler, ' Quart. Journ.

Micr. Sci.', vol. 35, 1894, p. 461.) r =Ammodiscus, Carp.,

1871, p. 159.)

The body has the form of a thin disc a Uttle raised in the middle, and

encrusted with sand and other things which may get into the mesogloea.

Sphincter seemingly mesogloeal. Probably twelve tentacles. Twelve

larger primary and perfect mesenteries, but only the eight Edwardsia

mesenteries provided with true retractors. Very few of the mesenteries

beyond the twelve primaries perfect, and these are thin, with no gonad

or filament and little muscle. Of the two couples of primaries over and

above the Edwardsia eight, one couple has a modified kind of muscula-
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ture and no filaments, and the other couple has no gonad, filament, or

well-developed muscle. The eight Edwardsia mesenteries have huge

circumscribed retractors of curious form, which seem to be tending to

shift off the mesenteries ; they also have gonads and filaments,

0. lindahli, Carp. 1871, p. 159. (See Fowler, 1894, p. 461.)

This genus seems to he eligible for Marsupiferidae. As far

as I can understand the account of it, I take it that it has

a mesogloeal sphincter, and the rest fits in fairly well. It is

a queer form with a reduced number of macrocnemes ; cf.

Decaphellia and some Halcampas.
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4. Index to Genera dealt with in Parts II and III.

Numbers printed in heavy type refer to the pages on wliich the generic

detinitions are to })e found. Words printed in italics are synonyms or genera

of uncertain position.

Acremodactyla, III, 294

Acthiaugc. III. 3(»8

Actincria, II, .J48 ; III. 2!).3, 296-7

Actincrnus, II, 523, 545; III, 259.

307-8

Actinia, II, 501. 524, 527, 531, 54(5 :

III, 266-7, 282, 293

Actinioidcs, II, 524. 526-8 ; III, 270-

71

Actmodendron, ii, 547, 502 ; III.

294-5

Actinoporuis, II, 534, 547 ; III. 291,

293

Anemonia, II. 501, 524, 527-8, 531,

546; III, 266, 267-8, 270, 278,

308

Anthm, 111, 267

Antht'oworphe, III, 278

Anthcopsis 11, 535-6, 548 ; 111, 265,

297-8, 299, 300

Antholoba, III. 309

Anthopkam, II, 526-8 ; 111, 270-71,

286

Aiitiparacti^, III, 3lO

Archadis, III, 309

Artemidactis, II, 515, 557

Actiuoscyphia, II, 560 ; III, 259, 308 Asteraclis, III, 283-4

.4c<uw.sfc^?«, III, 283-4 '

Actinostephanus, Ii, 547 ; III, 294

Actinotryx, II, 511-12, 515, 535, 544 ;

III, 304, 306

Acgcon, III, 270

Acgir, III, 251, 253

Aiptasia, II, 504

Alicia, II, 530-31, 540 ; HI, 279-80

AUantactis, III, 310

Ammodiscus, III, 310

AmmophUuctis, III, 309-10

Amphianlhiis, III, 309

Aiidresia, II, 518, 521, 545 ; III, 255,

264-5

Amlvakiu III, 310

Aulactinia, III, 270-72

Aureliania, II, 512, 534-5, 547 ; ill,

274, 291-3

Bicidium, III, 257

Bolocera, II, 506-8, 520-7, 531, 546 ;

III, 266, 272-3, 275-7, 287

Boloceroides, II, 505-8, 526, 531, 540,

545, 504 ; III, 250, 202, 263

Boloceropsis, II, 531, 546 ; III, 266,

276

Buuodactis, II, 500-01, 515, 526-9,

531, 546; III, 200, 209, 270-74,

270, 278-9, 284-6

Buiioddlu, ill, 270
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Biinodeopsis, II, 506-7, 52G, 530-31,

5-tG ; III, 281-2, 286-7

Bimodes, II, 526 ; III, 270-71, 285

Bumdosomit, III, 283, 285-G

Capncu, III, 21)2

Carlgrenia, II, 523, 545, 550, 560;

III, 257, 258

Caryophyllia, II, 511

Catadiomene, II, 554, 560 ; III, 308

Cercactis, III, 268

Ghalmersia, III, 302

Charisea, III, 262

Chitonactis, II, 530

Chitonanthus, II, 530 ; III, 308

GJiondractinia, II, 530

Gladactis, III, 279

Comactis, III, 267, 278

Condylactis, II, 524, 527-8, 531, 546 ;

III, 266, 268. 269-70, 277-8

Condylanthus, II, 524, 531, 545 ; III,

262

Coiallimoiphus, II, 515, 535, 543 ;

III, 301-2, 308

Corynactis, II, 543 ; III, 301, 302-3

Ciadactis, II, 530-31, 546 ; III, 281-2.

284^5

Cramhadis, III, 290

Crlbrina, III, 270-71

Cryptodendron, II, 502, 512, 534, 548 ;

III, 295, 296

Cystiactis, II, 530-31, 546 ; III,

281-2, 286

Dactylautlms, II, 508-9, 543; III,

249, 250

Dccaphellia, II, 520 ; III, 311

Diplactis, III, 266

Discosoma, II, 511, 544 ; III, 304

Discosomoidcs, III, 298

Dofleinia, II, 531, 546 ; III, 266, 277

Edwaidsia, II, 550, 557 ; III, 248

Eloactis, II, 518, 520-21, 544, 560 ;

III, 254, 255

Endocodaclis, III, 257

Eoactinia, II, 532, 563, 565

Eosagartia, II, 532, 557, 563, 565

Epiactia, II, 512, 526, 529, 531, 546
;

III, 266, 274-5, 278, 292

J'Jpiijouaciis, III, 274

Eucladactis, III, 285

Euphollia, III, 306, 310

Evactis, III, 270

Fcnja, III, 251, 253

Gliaclis, III, 307

Glyphoperidiiirn, III, 274, 278

Glyphostylum, II, 531, 546 ; III, 266,

277-8

Gonactinia, II, 504-5, 543, 550, 554^6;
III, 247, 248

Gyraclis, III, 278-9

Gyi'ostoma, II, 524, 531, 546; III,

263-4, 266, 267-8, 276, 278, 308

Halcampa, II, 499, 504, 515, 518-20,

544, 550, 554-6 ; III, 251, 252-3,

257,290,311

Halcampactis, II, 517 ; III, 265
Halcampella, III, 251, 253

Halcampoides, II, 518-20, 532, 544 ;

III, 251-2, 253

llulcaitipomorphi-. III, 253

Halunrias, II, 523, 545, 560 ; III,

257-8

HaUanthdla, III, 251

Halianthus, III, 261

Haloclava, II, 518, 520-21, 544 ;

III, 253-4, 255-6

Harenactis, II, 501, 518, 520-21, 544,

560 ; III, 254, 256

Helianthopsis, III, 298-9

Heteranthus, II, 548 ; III, 290

Heterodactyla, III, 295-6

Homostichanthus, II, 547 ; III, 291

Hoplophoria, III, 280, 287-8

Hormathia, II, 530 ; III, 266, 279,

308

Hormosoma, III, 308

Ilyavfhopsis. Ill, 260, 268, 270, 278

Ilyanthus, II, 518, 520-21, 544 ;

III, 254, 255, 264

Isactiiiemus, II, 545 ; III, 259, 260

Isactinia, III, 267

Isaura, III, 304-5

Isocorallion, II, 543 ; III, 301, 302
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laotcalia, II, 526, 531, 546 ; III, 266, Phellia, III, 307, 31U

275, 292

Ixalactis, II, 531, 546 ; III, 266, 277

Kylindrosadis, III, 279

Lcbiiinia, II, 530-31, 546 ; 111, 280-

82, 287, 288

Leiotealia, III, 274, 291-3

Lcipsiceras, II, 531, 546; III, 266,

276

Liponema, III, 275-6

Lophactis, III, 283-4

Macrodactyla, II, 524, 531, 545 ;

III, 263," 265, 272

Madoniddl-s, III, 272, 279

Mcgalactis, II, 535, 547 ; III, 294,

295

Meliidium, III, 279

Minyas, II, 501 ; III, 288

Phialactid, III, 305

Fhilomtdunu, III, 257

Phlyclenaclin, III, 286

Phyllactis, II, 530-31, 546 ; III,

281-2, 283, 284-5

Phyllodiscus, II, 502, 530-31, 534,

546, 561 ; III, 279, 280-81, 285

Phyiuactis, II, 525, 530-31, 546, 554 ;

III, 281-2, 285-6

Phymanthus, II, 501, 512, 535, 547 ;

III, 289-90

Polyopia, III, 254

Polysiphonia, III, 259, 308

Polystomidium, III, 278

Porpunia, III. 259, 307

Protanthea, II, 504-5, 543, 555 ;

III, 247, 248

Pseudoparactis, III, 308-10

Pseudophellia, II, 531, 546 ; III, 266,

275

Myonanthus, II, 506-7, 524, 531, 545 ; Ptychodactis, II, 508, 543 ; III, 249

III, 263, 265

Myriactis, III, 278

Nautaclis, II, 533

Ncctactis, III, 306

Ncvadne, II, 531, 545

264

Octineon, III, 310, 311

Ophiodiscus, II, 530

Oractis, II, 504, 505 ; III, 248, 249

Orinia, II, 511, 544 ; III, 304, 305

(hilactis. III, 283-4

Paractis, III, 307

Paradiscosouia, II, 509, 511, 514:-15,

544, 557 ; III, 304-5

Parancmonia, III, 267-18

Radiauthus, U, 548 ; III, 278, 297-8,

299

Ragactis, III, 277

Raphactis, HI, 309-10

III, 263, Rhodactinia, III, 272-3

Rhodactis, 11, 511, 544 ; III, 304, 305

Ricordea, II, 511, 544 ; III, 304, 305

Rivetia, III, 285-6

Sacmc'As, HI, 284

Sagartia, III, 271, 308

Sagartiomorphe, III, 308, 310

Scytophorus, II, 518-20, 544; III,

251, 253, 254

Sicyopus, III, 307

Siphonactinia, III, 256

Stephaiiactis, III, 308-9

Parautheopsis, II, 531, 546 ; III, 266, Stephanmige, III, 308-9

269, 270

Paranthus, III, 307, 309-10

ParaphcUia, III, 310

Parazoauthus, II, 550

Pcachia, II, 501, 517-18, 520, 544, 552, Syuactinernus, II, 545 ; III, 259

660, 574 ; III, 251, 254, 256-7 Synunthus, HI, 309

Pentactinia, II, 518-20. 544: III,

251, 254

Stichodactis, III, 298-9

Stichophora, II, 533, 546 ; UI, 288

Stoichaetis, II, 548 ; III, 297, 298-9

Stomphia, III, 279, 310

Synhalcurias, II, 545 ; III, 259, 260.

278
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Tealia, II. 501, 518, 526, 528-9, 531, Thdaccros, III, 289

546, 554 ; III, 266, 272-4. 276, 279 Thoracactis, III, 307

Tealidium, III, 308 Triadis, III, 281

Tealiopsis, III, 279

Telmatactis, III, 307

Thalassianthus, II, 535, 548, 560 ; Urticina, III, 271, 273

III, 29&-6

Thaumactis, II, 530-31, 540 ; 111,

281-2, 287 Vialrix, III, 287
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Introduction.

In the summers of 1919 and 1920, certain hyperparasitic

Chalcidoidea were reared from material collected in the field

for the study of two hyperparasites of aphides, the Procto-

trypid, Lygocerus (5), and the Cynipid, Charips (6).

The following is an account of the post-embryonic develop-

ment of two common forms, which were obtained in consider-

able numbers from the cocoons of the Braconid, Aphidius
ervi, Hal., a parasite of Macrosiphum urticae, Kalt.,

an aphid that infests the stinging nettle.

I would here express my sincere thanks to Professor Stanley

Gardiner, who gave me facilities to carry out the work in the

Zoological Laboratory, Cambridge ; and to Mr. J. Waterston

of the British Museum (Natural History), who kindly deter-

mined the species of Chalcidoidea submitted to him.

BlONOMIGAL AND SYSTEMATIC POSITION.

The two species now considered belong to the sub-family

Sphegigasterinae of the family Pteromalidae, which is, accord-

ing to Ashmead, the largest group of the Chalcidoidea, and the

most ditiicult to classify.

Asaphes vulgaris, Wlk., belongs to the tribe Asaphini,

the majority of which are said by Ashmead to be parasitic

on Aphidiidae and Coccidae (1).
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Pachycrepis clavatii, Wlk., is included in the allied

tribe Pachyneurini, which Ashniead say« are regarded as

chiefly parasites of the same Ehynchota, but he adds that

these insects have other hyinenopterous parasites, through

which the Pachyneurini are probably hyperparasitic.

In addition to Asaphes and Pachycrepis, two

females of a species of Pachyneuron were reared. The

eggs and early larval stages of the two former species are

indistinguishable. The egg of the Pachyneuron is charac-

teristic, but its development was not observed.

Various Chalcidae have been recorded as reared from

aphides, and it is possible that some of them may yet prove

to be primary parasites ; but the forms described here are

hyperparasites of the plant-lice through the larvae of Aphi-

d i u s , and allied genera of Braconidae, wliich develop internally

in aphides. The Chalcidae do not oviposit until the aphid is

dead and the Aphidius has woven its cocoon, and is ready

to transform inside the empty skin of its late host. Their

true relation to the aphid was shown as long ago as 1834 by

Nees ab Esenbeck for Asaphes or a similar form, and his

observations have been confirmed by Walker and Buckton,

and subsequently by other writers.

These hyperparasites do not appear to be specific for different

Aphidiidae or aphides. In 1919 1 reared Asaphes vulgaris

from an Aphidius in Ehopalosiphum s one hi,

Kalt., and also from Aphidius salicis, Hal., a parasite

of Aphis saliceti, Kalt. This Braconid and aphid are

less than half the size of A. ervi and M. urticae, but

the Chalcid seems to adapt itself to either form, and thus

probably has considerable latitude in the choice of a host.

Pairing.

All observed ovipositions of Asaphes and Pachy-
crepis took place after pairing. Only two examples of

Pachyneuron were obtained, and both were females.

One laid a single egg parthenogenetically and died soon after-

wards. The other lived for some days but did not oviposit.
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OVIPOSITION.

The female Chalcid selects a cocoon containing an Aphi-
dius larva on the point of metamorphosis, but sometimes

a newly-transformed pupa may be chosen. The hyper-

parasite shows considerable excitement in her search, and

runs round the cocoon, tapping it eagerly with her antennae.

Finally she mounts upon it, facing the head of the aphid,

and, boring through the integument with its silk lining, she

deposits a single egg upon the upper surface of the body of

the Aphidius larva, as it lies curved head to tail within

the cocoon. The whole operation lasts from one to three

minutes. Only one egg is inserted at each oviposition, and

when more are found they are the result of different attacks.

The number of eggs laid by each female seems to be between

thirty and forty, but it is difficult to be precise on this point

as the insects will live for some days in captivity, and the

eggs in the ovarian tubes do not all mature at the same time.

The Egg.

The eggs of Asaphes and Pachycrepis are indistin-

guishal:)le from one another. They are white, elliptical bodies

Text-fig. 1. Text-fig. 2.

Egg of Asaphes vulgaris,
xlOO.

Egg of Pachyneiiron sp.

XlOO.

with a smooth chorion, having dimensions, -29 x -12 mm.
(Text-fig. 1).

The single example of the egg of Pachyneuron was
long, oval, and slightly curved. On the concave side, the
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chorion is smooth, hut the rest of the surface is covered with

minute scales or papillae. Dimensions, -31 x-lOmm. (Text-

fig. 2). This egg is very similar to that of Pachyneuron
gifuensis, Ashm., figured hy Howard and Fiske (7).

The First Instar.

Dimensions -45 mm. x-23 mm.

The egg hatches ahout sixty hours after oviposition. The

larva in the first instar much resembles in general form that

of the Lygocerus previously described (Text-fig. 3). It is

Text-fig. li. Text-fio. 4.

The lan-a of the first instar. x.*iOO. Mandibles of the

newlv-hatched
lan-a. x60(».

white, semi-transparent, and consists of thirteen segments in

addition to the head, which is furnished with two tactile papillae.

The mouth is small and oval, and the mandibles are somewhat

more curved than those of the larva of Lygocerus (Text-

fig. 4). .

The tracheal system consists of a pair of longitudinal trunks,

united by an anterior commissure between the first and

second segments, and a posterior commissure in the eleventh

segment. At this stage there are four pairs of functional

spiracles, namely between the first and second segments, and

on segments 4-6 inclusive. These segments are supplied

with dorsal and ventral lateral branches, and the developing

spiracular trunks of segments 3 and 7-9 are visible. The

larva makes an incision in the skin of the host, and as the
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body-fluids of the latter fill the midgut the hyperparasite is

tinged pale yellow.

Intermediate Stages.

The exact number of ecdyses of these Chalcids was not

determined. There is no marked change of form during

development, but the body becomes more globose, and the

head less conspicuous. The cephalic papillae do not disappear as

in Lygocerus, but persist until metamorphosis. The spiracles

on segments 7 and 8 become functional, and those on segment 3

open shortly afterwards. The ninth pair (on segment 10)

open as development proceeds, but the tenth pair are closed

until shortly before metamorphosis.

The host dies a day or two after the Chalcid larva has begun

to feed, and decomposes rapidly. These hyperparasites

penetrate more deeply into the decaying tissues than do the

larvae of Lygocerus at the same stage. The larvae are also

more fragile and transparent, and are easily crushed or ruptured

when handled.

The Full-grown Larva.

Dimensions, 1-26 mm x -60 mm.

The larva when fully fed is creamy white and opaque,

slightly curved, and with a smooth glabrous cuticle. The l^ody

tapers somewhat to the anus, and the segmentation is well

marked. The head bears a pair of conspicuous papillae, and

a pair of similar, though smaller, appendages are found on

the first segment. In addition, each segment from the first

to the fifth or sixth is furnished with one or two pairs of

minute spines (Text-fig. 5).

The labrum and labium both bear palps, as do also the

maxillae. The mandibles are simple, and strongly chitinized,

though less massive than in Lygocerus (text-fig. 6).

The ramifications of the tracheal system are more elaborate

than in the preceding stages, and the tenth spiracle (on seg-

ment 11) becomes functional.

The internal structure is of the type usual among hymeno-
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pterous larvae. The narrow oesophagus opens hy a valve into

the vast mesenteron filled with food, which is churned to and

fro hy muscular contractions. The mesenteron is closed

posteriorly and does not communicate with the proctodaeum

until immediately liefore metamorphosis. A pair of short

Malpighian tuhules enter the hindgut at its anterior end. The

salivary glands extend hackwards to the ninth segment, and

lie on either side of the gut ventrally as a pair of long straight

tuhes. Behind the head their ducts unite to form the common

salivary duct, which opens on the floor of the mouth. The

ventral nerve-cord appears as a broad unconstricted band

extending l)ackwards into the tenth segment. The rest of the

internal structure calls for no particular comment.

Text-fig. 5. Text-fio. 6.

The full-grown larv^a, x 25. Head of the full-grown larva.

x75.

In a cocoon opened carefully when the hyperparasite was

almost full groM^n, it was possi))le to watch the transformation

into the pupa, and by this means it was determined that

the mature larvae of the two forms examined were identical

in appearance. Attempts to follow the earlier development

in the same way always failed, because exposure to the air

caused the decaying tissues of the Aphidius to dry up

and thus brought about the death of the hyperparasite. The

larval development of the Chalcidoidea has been more studied

than that of other Hymenoptera parasitica, but so much

diversity exists within the family, owing to secondary modifica-

tions induced by various hosts and habits, that a comparative

account can throw little light on their affinities. The forms

here described agree very closely with that of Torymus
propinquis, an ectoparasite of certain Cecidomyiidae,
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studied by Seurat (10). The general form and the number and

order of opening of the spiracles are the same in both cases.

Certain parasites of Coccidae, described l)y Imms (8) show

a reduction in the number of spiracles from behind forwards
;

but in one , A p h y c u s m e 1 a n o s t o m a t u s , rudimentary

trunks of the tenth pair appear during development, though

they never become functional. Ectoparasitic Chalcidae, such

as Asaphes and Torymus, have probably retained

certain primitive features, such as the full number of spiracles,

which have been lost in the more specialized and frequently

hypermetamorphic forms, found among the endoparasitic

members of the super-family.

Pupation and Emergence.

When the remains of the Aphidius have been completely

devoured, the gut of the hyperparasite opens, the meconium

is voided, and the Chalcid pupates within the cocoon pre-

viously woven by the Aphidius inside the skin of the aphid.

The pupal stage lasts from fourteen to sixteen days, for

Asaphes and Pachycrepis; but in a single observed

instance of Pachyneuron the period of pupation was only

ten days. When ready to emerge, the imago gnaws a hole in

the cocoon and creeps out. The adults lived in confinement

for from four to seven days, and fed on the sap oozing from

cut leaves, and on honey-dew which had fallen from the aphides.

At least two generations may occur in the year, but the exact

number was not ascertained : it is probably dependent on the

number of hosts obtainable. There is no evidence to show

how these Chalcids pass the winter.

Eemarks on the Bionomics of Hymenopterous

Parasites in General.

The relations of any animal to its enemies, predatory or

parasitic, form what may be termed a bionomical complex
;

although the limits of such a complex are often difficult to

determine, especially when the enemy has a wide choice of

alternative food or host species.

NO. 20)2 A a
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Aphides, with their parasites and hyperparasites, form

a bionoinical complex of considerable intricacy ; hut its limits

are well defined, and it is thus convenient for the study of the

bionomics of parasitism. The Ajjhidiidae, which are a lar»e

and distinct sub-family of Braconidae, are all obligative

parasites of Aphides, and have no alternative hosts ; and the

hyperparasites, which belong to the three super-families of

Cynipoidea, Chalcidoidea, and Proctotrypoidea, are exclusively

confined to the Apliidiidae, with the exception of certain

Cynipids (Charipinae) and C'halcids, which possess allied forms

parasitic upon Coccidae.

The l)ionomics of some members of this complex are com-

paratively simple. Thus, the species of Charips (Cynipidae)

described elsewhere (6) are invariably parasites of Aphidius,
and thus hyperparasites of the aphid, and, so far as is known,

never prey upon another hymenopteron. The status of such Proc-

totrypids as L y g o c e r u s (5). and Chalcids such as A s a p h e s

and Pachycrepis, is more difticult to determine, because

although usually parasites of A p h i d i u s , and therefore

standing in the same relation to the aphid as Charips , they

may on occasion be parasitic on each other. The interrelations

of these forms are shown in the accompanying diagram (Text-

fig. 7). An Aphidius cocoon is sometimes found to contain

two hyperparasites of either, or both these species, the result

of two successive ovipositions. Fiske (3) has called this phase

of parasitism ' superparasitism '

; but as the word means

neither more nor less than hyperparasitism, a term already

employed in cases where the parasite is itself attacked by

a parasite, I would suggest replacing this etymological hybrid

by ' epiparasitism '. In such a case, in the aphid complex,

only one imago emerges from the cocoon. Either one parasite

is sufficiently advanced to devour the host before its rival

can compete with it : or else, if both parasites are of the same

age, there is insufficient food to nourish both up to meta-

morphosis, and they starve to death. One seems never to make

a direct attack on the other.

But in certain instances a Chalcid hyperparasite larva.
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generally one three-quarters grown, may be found with the

egg or larva of a Proctotrypid, or of another Chalcid, on its

body. It may be that the second hyperparasite deliberately

oviposits upon the larva of the first, if the Aphidius host

Text-fig. 7.

Aphid
^ —

Aphidius

Charips \

Lygocerus Asaphes

Pachycrepis

Diagram to illustrate the bionomical comjilex of an aphid, its parasites,

and hyperparasites. Endoparasitism is indicated by a double
margin to the host.

has already succumbed to the attack, and originally I thought

that this was the case ; but further observation led me to

modify this conclusion. Thus instances of this kind are rare

compared with those of simple epiparasitism and attempts

to induce the Chalcid or Proctotrypid to oviposit on the full-

grown larva of another hyperparasite that had already devoured

A a 2
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the host, always failed. The more prohable explanation seems

to be that the intention of the second hyperparasite is to ovi-

posit upon tlie A phi di us, but if by chance her ovipositor

comes in contact with the larva of the first, she is unable to

distinguish between it and the proper host, and places her egg

upon it. Certain observations support this view. For instance,

young larvae were never found thus parasitized, possibly

because they escaped discovery owing to their small size ;

and the mature larva of Lygocerus was never found to be

infected. There is very marked increase in the size in this

species between the early and late stages, and the latter is of

peculiar form with a dorsal conical appendage to the last

segment. The full-grown larva and the pupa are capable of

active movement, and jerk the abdomen violently when irritated.

It is possible that this action warns off the ovipositor of another

hyperparasite. I have observed only three instances where

Lygocerus was parasitized, and then always by its own
species. In two cases, larvae were observed on newly-trans-

formed pupae, and here, contrary to the usual rule, the egg

must have been placed on the larva when nearly full grown.

In the third case, an egg was found upon a younger larva,

whose power of movement was not yet developed.

The Chalcid larvae, which are sluggish at all stages, are

more frequently attacked in their later instars by Lygocerus
and l\v other Chalcids.

The incidence of mortality from epiparasitism is high in

the Cynipidae, since they invariably perish within the host

when the latter is attacked by an ectoparasite. Exceptionally,

a full-grown larva of C ha rips may be found epiparasitized

by a Chalcid or by Lygocerus, and in such cases it is

proba])le that the oviposition of the second hyperparasite

coincided with the emergence of the Cynipid from the host,

and before it had demolished the remains of the latter.^

' It should be pointed out that other forms not dealt with here are

involved in this bionomical complex. Thus Silvestri (" Contribuzioni alia

conoscenza biologica degli Imenotteri Parassiti ", '-Boll. Lab. Scuola

Agric. Portici ', vol. iii, 1909) has described the development of a Chalcid,
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It is clear that this phase of parasitism differs somewhat

from ordinary epiparasitism. It has been called ' accidental

superparasitism ' by W. D. Pierce, quoted by Fiske (3), but

might better be termed ' metaparasitism '. Epiparasitism

then may be defined as successive infestations of a single host

by two or more species, or by several individuals of the same

species, of parasite. Metaparasitism is a development of

epiparasitism, and may be defined as the direct attack of one

epiparasite upon another. Objection may be taken that the

distinction is too fine to warrant the coining of a new word

in a science already burdened with technical names ; but of

late years the practice of introducing parasites to control

insect pests, in countries or continents where the latter have

become troublesome, has been much extended ; and, before

importing a parasite into a new area, it is of the first importance

to ascertain to what extent it is potentially metaparasitic upon

other species.

Thus, suppose that two forms of primary parasites A and B
are imported into a certain locality. There will be a slight

reduction of their total efficiency, in proportion to the incidence

of epiparasitism between them ; but as long as plenty of hosts

are available, the loss due to this will be small, and in any case

little harm will result, as a pest destroyer will be reared

ultimately. But supposing that B is potentially metaparasitic,

while A is not, then in course of time, B, since it will always

be successful in contest with A, will reduce the latter species,

or even supplant it altogether. The mischief will be even

greater from an economic standpoint, if B should prove to be

less efficient than A in destruction of the host pest.

In fact, this is what has actually taken place in Hawaii,

Eucyrtus aphidivorus, Mayr., which like Charips is an endo-

parasite of Aphidius; but as its other bionomical relations are not

known, it has not been included m this discussion, and the same a2)plies

to other Chalcidae, recorded as reared from Ai)hides, but many, if not all

of which, are probably hyperparasites. However, as Arrow (' Entomolo-

gist's Monthly Magazine ',vol. Ivii, (September 1921) observed Aphelunis
chaonia, Wlk., ovipositing in aphides, this form may prove to be

a primary parasite.
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iiccordiii^' to the recent investigations of Pemberton and

Willard (9). Among the parasites introduced to control the

Mediterranean fruit-fly (Ceratitis c a pit at a, Wied.) were

two species, Opius humilis, Silvestri, and Diachasma
t r y o n i , Cameron. It has now been shown that epiparasitism

is common between Opius and Diachasma, and that in

such a case Diachasma is nearly always victorious. Thus

Diachasma is gradually suppressing p i u h in Hawaii ;

and, as the authors point out, this result is the more deplorable

in that Opius is not only equally efficient as a parasite,

but is actually more prolific than its rival, and if left to itself

would destroy a larger number of fly lar\ ae. The situation has

been further complicated by the introduction of a Chalcid,

Tetrastichus giffordianus. This form is very prolific

;

but, as it is almost always epiparasitic, it is ineffective as a con-

trol of the pest, and generally causes the death of the Opius or

Diachasma larva when it comes into competition with them.

Fiske and Thompson (4) have shown that the larvae of certain

Saturniidae are parasitized by the hymenopterons, Ophion,
T h e r o n i a , and !S p i 1 o c r y p t e s . All three are primary

parasites, but epiparasitism is frequent, and when it occurs,

Theronia and Spilocryptes respectively overcome

p h i o n . In competition between H p i 1 o c r y p t e s and

Theronia, the first generally is the conqueror; but

Theronia, it appears, dies of starvation from destruction

of its food-supply rather than by direct attack.

Timberlake investigated the bionomics of Coccophagus
lecanii. Fitch (14), a parasite of Coccus hesperidum,
which is more frequently reared as a hyperparasite from

another primary parasite, M i c r o t e r y s . According to this

observer, Coccophagus is thelyotokous when a primary

parasite, producing generations of females only ; but when

it is reared as a hyperparasite, the resulting imagos are all

males—a state of things so far unparalleled.

Howard and Fiske (7) in their report on the measures taken

to control the gipsy and brown-tail moths in the United

States, record many interesting observations on the bionomics
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of native and imported parasites. Thus the Chalcid S c h e d i u s

Kuvanae, How., is primarily an egg parasite of the gipsy-

moth, but it will also oviposit in Anastatus bifasciatus,

Forst., another egg parasite. In this complex, two other

species, Tyndarichus novae, How., and Pachyneuron
g i f u e n s i s , Ashmead, are hyperparasitic upon Anastatus,
but epiparasitism is frequent, and they have been reared not

only from S c h e d i u s , but also from one another.

Monodontomerus aereus, Walk., and Pteromalus
egregius, Forst., are also primary parasites of the gipsy

moth and brown-tail moth respectively ; but both forms

are also hyperparasitic through certain Tachnidae, and, in

addition, the latter form is sometimes reared from other

hymenopterons, such as Meso chorus and Apanteles.
Smith (12) has shown that P e r i 1 am p u s h y a 1 i n u s , Say.

,

although strictly speaking an obligative hyperparasite of

certain lepidopterous larvae, through their hymenopterous

and dipterous parasites, may, when epiparasitism occurs,

become metaparasitic. Thus in one instance a cocoon of the

Ichneumonid, Limnerium validum, was first parasi-

tized by Perilampus, and subsequently by the Pteromalid

Dibrachys boucheanus. The latter devoured the

Limnerium host, but was shortly afterwards itself destroyed

by Perilampus.
The following table gives the synonyms used by previous

Avriters on the bionomics of the Hymenoptera parasitica for

the terms suggested here.

Parasitism
Primary parasitism.

Parasitism.

[Superparasitism.

Epi])arasitism j Secondary parasitism.

( Secondary hyperparasitism.

[
Accidental superparasitism.

Metaparasitism i Tertiary hyperparasitism.

Hyperparasitism

(Superparasitism.

(Secondary parasitism.

I Hyperparasitism.
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These terms may be illustrated with examples from the

aphid complex as follows :

Parasitism a]ih id+ A ] ) li i d i u s

Epiparasitisni aj)hid+ Aphid in .s+ I

Lygoceru.s and
y x\ H a p n G s

Metaparasitism aphid+ A p h i d i u s+ A s a j) h e s+ L y g o e c r u s

C
A s a p h e s or

Hypeqjarasitism aphid+Aphidius+ J Lygocerus or

( Charips

The possibility of ' hyper-hyperparasites ' has been suggested

by some writers, but although obligative hyperparasitism of

the second degree may occur, I am not aware that it has been

definitely proved. The records that seem to point to it are

probably due to epiparasitism among hyperparasites.

Apart from their economic importance, cases such as those

described are of much Inological interest, as throwing light on

the origin of parasitism in the Hymenoptera parasitica.

Thus the epiparasitism of Lygocerus and Asaphes
may exceptionally become metaparasitism, if, by chance, one

species oviposits directly upon the larva of the other ; and

a stage further has been reached in Coccophagus and

Theronia which are as often hyperparasites as parasites.

Fiske says of the latter (3) that it is so frequently a ' super-

parasite ' that it is in danger of becoming a hyperparasite.

From such forms as these it is not a great step to the obligative

hyperparasitism of, for example, Charips.
Epiparasitism is brought about by a high proportion of

parasites to the host population. Fiske (3) has made an

ingenious calculation, showing that as the incidence of para-

sitism rises, the chances of epiparasitism rise likewise. Thus,

given a hundred hosts, by the time that the parasite has laid

ten eggs, there is an even chance that one will have been placed

in a host already infected, and so on, mitil with fifty eggs the

odds are even that no less than ten ovipositions ^^•ill have been

duplicated in this way. But although hyperparasitism may
have arisen from epiparasitism, through metaparasitism,

primary parasitism cannot be accounted for thus.
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Wheeler (15) lias put forward a theory of the origin of

parasitism in the Aculeata. He supposes that parasitism arose

within the species, when certain individuals acquired the habit

of laying their eggs in the brood cells of their neighbours,

instead of working for themselves ; and he supports his sugges-

tion by the significant fact that the existing parasites are

frequently generically allied to the host species.

But this theory can hardly be extended to the Parasitica,

even if we regard them as a heterogeneous group, derived from

different ancestral stocks, and classified together in virtue of

characters acquired independently by members of different

families in adaptation to parasitic life. The existing Parasitica

are a vast class, of infinite variety of size, structure, and

habit ; and^ with the exception of most of the Cynipids and

a few Chalcids, which are gall-formers on plants, all are parasitic

upon insects, frequently upon families distantly related to

them.

To suppose that the parasitic habit arose spontaneously

in a common ancestor, and was perpetuated by natural selec-

tion, involves the assumption of a considerable initial mutation.

If, as among the bees and wasps, we found that phylogenetic

relationship between host and parasite was the usual rule, we

might suppose that parasitism arose within the species in the

Parasitica, as Wheeler suggests for the Aculeata ; but there is

as much to be said against as for this view, since the modern

Parasitica include, not only their own allies, but almost every

stage of almost every family of insects among their hosts.

Nevertheless, parasitism must have had a beginning, and

the suggestion may be put forward that the parasitic habit

arose among these Hymenoptera from the inquiline habit. In

other words, the proto-Parasitica were phytophagous, and

oviposited on plants. A further stage was reached, when, for

the better protection of the eggs, they resorted to the shelter

of galls and other deformities produced by members of their

own tribe, and by other insects. Here they became established

as commensals or inquilines, and from the inquiline habit to

the parasitic habit is possibly not a great step. The Chalcid,
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Tory mils prupinquis, previously alluded to, is now an

ectoparasitic of a, gall-forming Cecidomyiid of the nettle, but

if this view is correct, its ancestors inhabited this, or a similar

gall, as inquilines, and later acquired the habit of devouring

the maker of the growth that harboured them.

The intra-specitic origin of ])arasitism in bees may find

;i ]>a,rallel among inquilines, for it is quite conceivable that

certain individuals may have adopted the habit of ovipositing

in a ready-formed gall, and thus became inquilines to their

own species. Cameron (2) remarks that among the Cynipidae,

the known inquilines are species of Synergus, Ceroptres,

or S a p h o 1 y t u s , which are all forms nearly related to the

true gall-formers.

The view that parasitism is deri\ed frum inquilinism would

account for the diversity of the hosts of the Parasitica. Galls,

and similar i)lant deformities, are caused by insects of other

groups, such as many Hemiptera, l)ii)tera, and Lepidoptera.

The ancestors of the Parasitica may have used these as well as

the galls produced by members of their own family, and later

become parasitic upon the insects which formed them.

It will be very desirable in future to investigate fully the

l)ionomics of the forms reared from, for example, Cynipid

galls. If any, generally found to be inquiline, are proved on

occasion to devour the maker of the gall, it will support the

suggestion that the Parasitica are descended from inquiline

ancestors.

Summary.

1. Asaph es vulgaris, Wlk., Pachycrepis clavata,

^\'lk., and Pachyneiiron, sp., are hyperparasites of apliides

through the larvae of certain Braconidae (Aphidius).

2. Oviposition took place after mating for Asaphes and

Pachycrepis, and parthenogenetically for P a c h y n e u r o n.

3. The eggs are deposited upon the body of the host when

the latter is fully fed and about to undergo metamorphosis

within the skin of the aphide.

4. The larvae feed ectoparasitically upon the host, which

soon becomes a decomposing mass.
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5. The newly-batched larvae are maggot-shaped forms, with

fom* pah's of open spiracles and two cephalic papillae.

6. In the later stages small tubercles are developed on the

prothorax and succeeding segments, and there are ten pairs

of functional spiracles.

7. The total period of development is a little over three

weeks, and at least two broods may occur in the summer.

8. The bionomics of aphides and of their parasites and hyper-

parasites are discussed.

9. The term ' epiparasitism ' is proposed instead of ' super-

parasitism ' which has been used by other writers, and it is

suggested that it should be restricted to cases where two or

more species, or two or more individuals of the same species,

independently attack the same host.

10. The term ' metaparasitism ' is suggested for cases where

one parasite or hyperparasite in epiparasitism, becomes

secondarily hyperparasitic upon the other.

11. Instances are given of the occurrence of epiparasitism and

metaparasitism among other hymenopterous parasites.

12. The origin of parasitism in the Hymenoptera parasitica

is discussed, and it is suggested that it arose from an earlier

inquiline mode of life.
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PART I. THE PIGMENTS OF ANIMALS HAVING
NO BLOOD-VASCULAR SYSTEM.

1. Introduction.

In the study of marine invertebrates one of the most impres-

sive things encountered is the great richness and variety of

colour ; it is not surprising, therefore, that the question of

animal coloration has long engaged great attention. Investi-

gated at hrst superficially by those who sought an explanation

of the so-called phenomenon of ' protective coloration ', the

problem attracted, during the latter part of the nineteenth

century, the attention of several English physiologists, and it

is to the investigators of this group—Lankester, ^Sorby, Mac-

Munn, Mosley, Griffiths, Poulton, and Halliburton are the more
important names—that we are indebted for very real contribu-

tions to our knowledge of animal pigments ; especially for the

introduction of the microspectroscope into this field of biological

research. Since 1900 the work on pigmentation has been to

a very large extent spasmodic, and while certain valuable

additions have been made (in particular, those of Gamble and

Keeble) there are still many problems which invite further

investigation.

The present paper aims to show that the pigment which

is responsil^le for the colour of certain representative inverte-

brates comes from the blood-stream, and that in many cases

the pigment cells of the blood arise (while in circulation) from

unpigmented corpuscles. This view concerning the origin of

pigment occurred to the writer after noting that a pigment of the

blood appeared to be identical with the body pigment in three

representative phyla : (1) in another paper the Avriter (Fulton,

1921 h) has shown that the pigmented corpuscles in the blood

of a Bermuda tunicate, Ascidia atra, arise in the blood

from colourless cells, and that the blue pigment cell, so common
in the l^lood-stream, is identical with the blue cells of the

tunic—the cells which give to this ascidian its intense blue

colour
; (2) Crozier (1916 h) has demonstrated that the blue



ANIMAL CHLOROPHYLL B41

pigment granules which colour the nudiliranch C h r o m o d o r i s

zel)ra are also to be found in great abundance in the pigment

cells of the blood—the identity of the two pigments having

been determined by the spectroscope
; (3) lastly, while ex-

amining the body-fluid of one of the common sea-urchins,

Tripneustes esculent us, it was found that the large

red amoeboid cells (so well described by Geddes, 1S80) gave

strong indication that their pigment is the same as that which

colours their spines and tube-feet. Thus, in a tunicate, a

mollusc, and an echinoderm there seemed to be very good

evidence that the body-pigment is found also in the l^lood.

The experimental work was carried on at the Bermuda
Biological Station for Research during the summer of 1020,

and I wish to express my warmest thanks to Dr. E. L. Mark,

who gave me the facilities of the laboratory, and wlio made
possible my trip to Bermuda.

2. Protozoa and Porifera.

With any efiort to trace animal pigment back to the blood-

system there arises at once a very serious difficulty. Pigmenta-

tion as such appears phylogenetically long before the rise of

the blood-system. How, then, is it possible to assume that all

coloration comes from the blood ?

Among the Protozoa the only class—with rare exceptions

—

which contains chromatophores is the Mastigophora (Minchin,

1912, p. 13). Here, however, the pigment is probably in every

case chlorophyll, or a substance closely allied to chlorophyll.

A typical species of chlorophyllogenous protozoa is A r c h e r i n a

boltoni, which was described by Lankester (1885). One
notable exception to the assumption that all protozoan pig-

ments are closely related to chlorophyll is found in Stent or

c ae r u 1 e u s , which possesses a blue pigment called by Lan-

kester (1873) ' stentorin '. Spectroscopically the absorption

bands of this pigment, quite unlike chlorophyll, resemble those

of the blue algal pigment, phycocyanin, which, according to

Phillips (1911, p. 596), when present even in minute amounts,

greatly alters the spectrum of chlorophyll. Consequently
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stentorin is not to be considered an important exception to the

rule that all protozoan pigments are chlorophyllogenous in

nature.

But how does th(^ chlorophyll of protozoans originate ?

Is the animal itself capable of manufacturing chlorophyll, or

is it the result of outside infection ? Geddes (18H2) and

Jjankester (1882 a, and 1882 h) maintained strenuously that

Hydra viridis and Hpongilla fluviatilis were

capable of synthesizing their own chlorophyll :
^ that the green

deposits found in these animals are chloroplasts belonging to

the animal and consequently are not of plant origin. In

support of his contention Lankester asserted the absence of

nucleus and cellulose wall in the green corpuscles. Though no

histological evidence has been adduced to show the presence

of a nucleus in these bodies, it seems fair to conclude, since

Beyerinck (1890, note 1, p. 784) has succeeded in obtaining

cultures of algae from the green corpuscles of Hydra
viridis,'- that the chlorophyll of Hydra is algal in nature

and due to an infection from the outside. The algae probably

represent a phase in the life-history of C'hlorella viridis.

A similar condition undoubtedly holds for most of the green

protozoa : Famintzin (1889, 1891), Dantec (1892), and Dan-

geard (1900) all report having obtained colonies of algae from

the macerated tissues of Stentor, Paramoecium, and Fron-

tonia ; Schewiakoff (1891) found that if colourless Frontonia

are fed upon macerated green specimens they become infected

with green algae which subsequently divide within the cell.

Similar results have been reported for Paramoecium (Dantec).

Certain contrary evidence is also on record for the Protozoa

—

the puzzling cases of Yorticella campanula (Engle-

mann, 1883), and of Pelomyxa viridis (Bourne, 1891)

1 For a more complete discussion of this question see Gamble and

Keeble (1903). Keeble and Gamble (1907), and Fulton (1921 a).

" Entz (1881 and 1883) reports similar results, but in his experiments

little precaution was taken against infection and consequently the results

are to be accepted with caution. Recently Goetch (1921) has succeeded in

infecting colorless Hydra with ChloreUa. and in so doing has corroborated in

n very substantial way the views of the earlier investigators cited above.
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are the most significant examples—which favours Lankester's

hypothesis of the intrinsic nature of certain of the animal

chlorophylls. Nevertheless the balance of evidence seems to

favour the algal theory to account for chlorophyll in animals
;

and it is probable, moreover, that further investigation with

a more refined technique will show conclusively that Lankester

was wrong. Particularly does this seem probable in the light of

the classic researches of Gamble and Keeble (which will be dis-

cussed later) on Convoluta, the green cells of which were shown

to be intruding algae. In short, the Protozoa do not present any

real difficulty to assuming that body-pigments arise in the blood.

The sponges possess nothing in the nature of a blood-system :

nutrition and respiration being accomplished by water currents

within the body. What, then, is the nature of their coloration '?

Is it an animal pigment, which has arisen independently of the

blood-system ; or is it, as in the Protozoa, a chlorophyllous

substance ? Though it has not been demonstrated that every

species of sponge contains chlorophyll, the spectroscopic

investigations of Borby (1875 a), Krukenberg (1884), and

MacMunn (1888) have estabhshed the presence of a chloro-

phyllous pigment in eighteen species of sponge, it being most

common in the genera Halichondria and Halina. The more

highly-coloured sponges possess pigments the absorption bands

of which (as indicated by the figures of MacMunn and Kruken-

berg) resemble in many respects those of certain of the pigments

from blue and red algae, the pigment spectra of these sponges

is, in addition, quite different from the spectra of chlorophyll.

Inasmuch as it has been shown that the presence of small

quantities of such algal pigments as phycocyanin, phycophaein,

and phycoerythrin (Phillips, 1911 ; also Willstiitter and Stoll,

1913) greatly alter the spectrum of chlorophyll, the fact that

the pigment of certain coloured sponges fails to show the bands

characteristic of the plant pigment does not necessarily indicate

its absence. As in the Protozoa, one is also confronted in the

Porifera with a question concerning the nature of the pigment

itself—a point which is as yet unsettled. Lankester (1882)

and his school were vigorous in upholding the animal origin

NO. 262 B b
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of sponge chlorophyll, while Brandt (1881 a, 1881 h, 1882, and

1883) supported the view that chlorophyll in the Porifera and

other animals results from a symbiotic association with green

algae. ^ Zooxanthellae—symbiotic holophytic flagellates—have

been reported for several sponges, also recently by Kirkpatrick

(1912) for Merlia normani." Cotte (1904) likewise gives

an account of an interesting association of this sort.

There is no doubt but that Lankester had every reason to

question the evidence of Brandt—which in the light of later

investigations was most decidedly inconclusive—and he ' has

done valuable service by his championship of the opposed

view, that of the intrinsic nature of the corpuscles under

discussion. For his view compels those who hold the " algal
"

theory to investigate each case separately and to vindicate

their view by the synthesis of the green animal ' (Keeble and

Gamble, 1907, p. 171). Now, however, there is little question

but that true chlorophyll in animals owes its existence in every

case to plants. It seems evident, therefore, that the pigmenta-

tion of most sponges has resulted from an association, symbiotic

or otherwise, with plant cells ; and that, as with the Protozoa,

the Porifera present no serious obstacle to the assmnption

that animal colour arises in the blood. Consequently a discus-

sion of the phylogenetic aspect of pigmentation must of

necessity commence with the coelenterates.

3. COELENTERATA.

Since the coelenterates are organisms having but two cell

layers, ectoderm and entoderm, it is at once obvious that they

^ Since the present writing the work of Van Trigt (1918) has been brought

to the writer's attention. He has shown that in Spongilla the green cells

very clearly are invading organisms, and has made an extensive series of

experiments with cultures of the green cells derived from the macerated

sponge tissue. He has also given conclusive proof of an oxygen-carbon

dioxide exchange between the algal cells and the sponge tissue. His

evidence further corroborates the view just expressed concerning the

symbiotic nature of the green cells in sponges.

- Winter (1907) has shown that Zooxanthellae are symbiotic in the

foraminifer Peneroplis.
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can possess no blood-system in the sense in which it is used for

the higher animals. Nevertheless, as Griffiths (1892, pp. 128

and 184) has emphasized, the nutritive or ' chylaqueous ' fluid

is analogous to the blood of the higher forms in that it carries

nourishment, supplies oxygen, carries off the waste products

of metabolism, and in many cases, as Kollmann (1908) and

others have since shown, is a corpusculate fluid. The impor-

tance of this analogy between the chylaqueous fluid and the

blood of higher animals is uncertain ; however, a question

immediately presents itself concerning the relation of this

fluid to the pigmentation of the coelenterates. It is therefore

desirable to consider first the nature of coelenterate pigments.

The animals on which the greater share of my work has been

done are two species of actinians common in the Bermuda

Islands: Condylactis passiflora Duch. and Mich.,^

and Actinia bermudensis Verill.

(a) Condylactis passiflora.

Condylactis occurs in great abundance in all parts of the

Bermudas, and is usually found firmly attached to the under

side of rocks and in crevices just below the level of low tide.

If the gastrovascular (chylaqueous) fluid of Condylactis be

withdrawn at any point on the body with a hypodermic

syringe and examined, two types of cell are usually to be

observed : one a yellow cell with several large grannies, and

the other, an unpigmented element. The pigment cells of

this body-fi-uid might easily be confused with wandering

pigment cells of the body-wall. In reality, however (as Eand,

1909, has noted) these cells are Zooxanthellae, and it is this

fact which in part explains a very striking phenomenon pre-

sented by a fresh smear of the gastrovascular fluid : viz. the

very marked oscillation of the individual cells. These yellow

cells (Zooxanthellae) gyrate usually in a counter-clockwise

direction on a single axis, while the colourless cells as a rule

1 For an excellent description of this species McMurrich's (1889) paper

should be consulted.

B b 2
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vibrate much less regularly. The latter, inasmuch as they are

motile, have in all probability been torn from the cihated

lining of the gastrovascular cavity ; with acetic acid or neutral

red their cilia may very easily be demonstrated.

The coloration of Condylactis, it should be emphasized, is

due largely, but not entirely, to this yellow flagellate. The
tissue of the tentacles is itself colourless (Rand, 1909 ; Parker,

1917), as is shown when a tentacle is transected. The brownish-

yellow colour, which is a constant feature of the uninjured

tentacle, is therefore due to the presence of the flagellate organ-

ism in the internal fluid. This may readily be shown by

examining the liquid contents of the tentacle. When an

animal is withdrawn from the aquarium with the tentacles in

expanded condition the internal pressure on the gastrovascular

fluid causes minute streams of water to issue from the terminal

pore of each tentacle. If some of the fluid so exuded be caught

in a watch-glass it occasionally contains the ' symbiotic
"

organisms ; under normal conditions of exudation, however,

they probal)ly do not escape when the tentacle contracts.

Not only are the tentacles coloured by the presence of

Zooxanthellae, but the column itself owes much of its colour

to this organism. However, the column also possesses large

collections of red pigment granules, some patches being as

much as 2 mm. in diameter. These are more highly con-

centrated in the lower parts of the column than in the upper,

which gives to the l)asal region an intense red colour, while

the upper parts tend toward the brownish yellow of the

tentacles.

In two Siphonophora, Velella spirans and Por-
pita umbella, Kuskop (1921) has found Zooxanthellae in

abundance ; they reside chiefly in the ' hepatic canals ",

so called, and in the gonophores. Their occurrence in the latter

organs strongly suggests that the association of the Zooxan-

thellae with these coelenterates is continuous from one genera-

tion to another. Before discussing the significance of these

observations the condition of the pigment in Actinia ber-

mudensis will also be described.
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(6) A c t i ni II b e rm u d e n s i s

.

Actinia bermud en si's is a deep red anemone, wliich

is fomid on the rocks just about the level of low tide. At high

tide, when the water splashes over them, their tentacles open

up for feeding ; when out of contact with the water thty draw

their tentacles into the interior of the column and have the

appearance of a deep-red gelatinous mass hanging limply from

the rocks. The specimens used in the present study were

obtained from the caves on the north side of Long Island

(Bermuda) where they occur in considerable numbers. This

species is distinguished by a very remarkable power of resisting

unfavourable surroundings ; as an example, it will remain

alive sealed in a 100 cc. of sea-water for from six to seven days

(Fulton, 1921 a).

A . b e rm u d e n s i s is coloured uniformly by red pigment

granules, which are spread through the entire ectoderm.

The granules are not of a definite size, however, and the out-

lines of the cells which contain them are never clear in the

living tissue and can be discerned only with great difficulty in

tissue which has been fixed. In shade, the pigment is precisely

the same as the red pigment patches of Condylactis. Con-

sequently a series of experiments was performed with a view

to determining whether or not the two pigments are identical.

Small pieces of tissue from each species were teased out and

placed side by side upon a slide. Their action in the presence

of an acid was first tested. In both cases when either lO/N

hydrochloric acid or lO/N valeric acid ^ were added a decided

increase in the depth of colour took place. When treated with

alkalis (NH^OH and NaOH, lO/N and 50/N) no change

could be observed. Neither of the pigments could be dissolved

with any of the following solvents : ether, chloroform, methyl,

ethyl or amyl alcohol, petroleum ether, xylol, or pyridine.

In acetone, however, the pigment of A. bermudensis

^ It has been shown by Crozier (1915, 1916 «, and 1916 c) that, of

twenty-two of the more common acids, valeric is the most penetrating to

tissues.



348 JOHN V. FULTON, JU.

proved readily soluble ; the condylactid pigment was also

dissolved by acetone, but not sp readily. The difference in

rate of dissolution is probably to be accounted for by the

greater thickness of the Condylactis tissue. Therefore, since

the two pigments are found in species of the same order, since

they are of the same colour, since in the presence of acid they

are uniformly deepened in shade, and since they are each to

be extracted by only one (the same one) of nine solvents, it

seems reasonable to conclude that the two pigments are identical.

Among the earlier autliors the observations of Moseley

(187B) upon actinian pigments are perhaps the most significant.

He described a red colouring matter (from Actinia mesem-
b r y a n them um and from B u n o d e s c r a s s i c o r n i s)

Avhich ho called ' actiniochrome '
; I\IacMimn fomid tliis pig-

ment insoluble in many of the ordinary sohents for animal

pigments.^ All of the solvents which he employed also gave

negative results when applied to A. bermudensis and

C. passi flora. This suggests that the pigment of the

Bermuda actinians is probably identical with Moseley's actinio-

chrome, but only a spectroscopic examination can determine

this with certainty. The two species worked on by Moseley

were subsequently investigated by MacMunn (1885 c) with the

result the Moseley's actiniochrome was identified, but, in

addition, a haematin-yielding pigment was isolated and given

the same ' actiniohaematin '.- This pigment, which, it should

be emphasized, is closely related to haemoglobin, performs

a respiratory function, being capable of existing in a state

both of oxidation and reduction. On finding these two pigments

together in one animal MacMunn drew the conclusion that one

is a respiratory substance (actiniohaematin), and that the

other (actiniochrome) is purely for ornament. The most

notable contribution of MacMmm, however, was his observa-

tion concerning the relation of Zooxanthellae (' yellow cells ')

^ MacMunu (1885 c, p. 643), alcohol, ether, chloroform, and carbon

bisulphide.

^ This pigment, on treatment with a metalUc hAdroxide and sodium

sulphide, gives haemochromogen which on oxidation gives haematin.
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to the respiratory pigment. He found that in actinians which

were not infected with Zooxanthehae a respiratory pigment is

present, but that in forms which are ' packed with " yellow

cells " ' the pigment had ceased to perform a respiratory func-

tion. The most striking case which he observed was that of

Bunodes balli, in which occurs a facultative association

between itself and the Zooxanthehae : the larger variety of that

species has many Zooxanthehae and, as a result, is almost

without trace of any of the pigments common among other

forms ; the smaller variety of the same species is uninfected,

and as a result possesses a respiratory pigment. The results of

MacMunn's work are briefly as follows : (1) that a respiratory

pigment is present in most actinians
; (2) the pigment is not

a carrier of oxygen, but serves simply to store oxygen in the

tissue which is subsequently to use it
; (3) in those actinians

in which yellow cells are present the chlorophyllous pigment

of these organisms seems to replace the respiratory pigment
;

(4) besides this respiratory substance there are other pigments

(such as Moseley's actiniochrome) which serve for decoration.^

In a recent paper on Actinia equina and A n em o n i

a

sulcata Elmhirst and Sharpe (1920) record several observa-

tions which are not in agreement with those of MacMunn.

They find that the non-haematin pigment, instead of being

purely ornamental, produces oxygen, possibly by photo-

synthesis. However, they report the presence of Zooxan-

thehae and fail also to find any haematin derivative, which

accords with the results of MacMunn. In addition, these

authors hold that the intensity of colour in A . equina

varies with exposure to light, and the pigment, therefore,

functions as a light screen. Certain observations made in the

course of the present study support this latter conclusion
;

when A. bermudensis is kept in the dark (three days)

the animal loses its deep red tinge and acquires a brownish-red

shade. Conversely, if an individual is exposed to direct

sunlight, its colour changes to a brilliant carmine.

1 Quoted also by Griffiths (1892) ; an excellent description of MacMunn's

work will be found in Griffiths' book, especially in Chapter VIII.
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Having considered the physical and chemical aspects of

the actinian pigments, what deductions can be drawn as to their

origin ?

It is clear, inasmuch as there is no internal circulatory-

system between the ectoderm and entoderm, that the pigment

must be manufactured from substances of the outside world

which come actually into contact with the individual cells.

Likewise it is evident that these substances are absorbed from

within, carried, that is, in the chylaqueous fluid, since the

ectoderm of an anemone serves for protection rather than for

absorption. It is highly improbable that the pigment comes

directly as food (as Crozier (1917) holds for a species of polyclad

and Poulton (1893) for certain insects) ; if that were true, it

should exist in solution in the gastrovascular fluid ; but this

seems definitely not to be the case (MacMunn). The more

reasonable hypothesis, it seems to me, is that the cells con-

taining the colour themselves synthesize the pigment from

certain food substances. This means that in the absence of

a blood-system each actinian cell has to elaborate its own
pigment.

Little is known concerning the nature of the food from which

the cells manufacture pigment. Various speculations, however,

have been made on this point, particularly in the case of the

insects. In this class of animals, as Poulton (1893) has shown,

the pigment of the body appears to be a modified chlorophyll.

That such a condition should obtain among the actinians seems

at first impossible. Many actinians live in an obligate associa-

tion with Zooxanthellae, an association in which the anemone

is probably parasitic upon chlorophyllous cells (Fulton,

1921 a) ; that is, in times of starvation they turn upon the

cells from which they possibly receive nourishment (by photo-

synthesis) and engulf them. Also in many actinians the

" yellow cells ' are lodged directly in the tissue of the ectoderm

and entoderm (Hertwig, 1883). It is a matter of common
knowledge, too, that actinians feed upon pelagic forms which

contain chlorophyll. From these facts it is evident that

actinians use chlorophyll as food. As has already (p. 348)
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been stated MacMunn (1885 c) demonstrated in many actinians

the presence of a liaematin-yielding pigment, which was

designated as actiniohaematin. Recent investigations have

shown that haemoglobin and chlorophyll are similar chemically,

each having as a base a substance known as a porphyrin.

This derivative is composed of four pyrrol groups in complex

linkage. The exact similarity which exists between haemo-

globin and chlorophyll may be shown by the following :

^

Haemoglobin
(by K,C03)

Haematin ( + proteid)

(by acid)

Chlorophyll a
(by alkali)

phyllins (+ phytol)

(by acid)

(Haemato) porphyrin ( + Fe)

(by soda-lime)

(phyllo) porphyrin (-fMg)
(by soda-lime)

\ 1^

' aetioporphyrin
"

Thus haemoglobin, by the loss of a proteid (globin) and its

iron, forms a porphyrin ; in the same way chlorophyll a, by

the loss of phytol and its magnesium, forms several porphyrins,

one of which (phyllo) is spectroscopically and chemically

very closely related to haematoporphyrin ; both phyllo-

porphyrin and haematoporphyrin by the action of soda-lime

give the same substance, aetioporphyrin. From this it seems

evident that there is no a priori reason for assuming that the

tissues of actinians could not convert chlorophyll into such

a substance as actiniohaematin, which is closely related to

haemoglobin. The obvious objection is that exchange of

metals (iron for magnesium) would make such a transformation

impossible. But one should recall that it is a far more simple

1 The best discussion in English of the chemistry of haematoporphyrin

and chlorophyll is that of Phmmer (1915); BayUss (1918) is good, but

the standard work is that of Willstatter and Stoll (1913).
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process to drop off an atom of magnesium and add one of

iron than it is to build up an enormously complex molecule

such as the porphyrins present.

If such a view is capable of experimental proof it will have

an important bearing upon the phylogenetic origin of animal

pigments ; it will give fair indication that many animal pig-

ments were derived originally from plant chlorophyll as the

result of some symbiotic association (perhaps for the purpose

of facilitating respiration) of an animal with a chlorophyll-

bearing organism—a condition probably similar to that found

to-day among the sponges and certain of the Protozoa. On
the basis of this theory it is interesting to speculate concerning

the origin of haemoglobin in the higher animals. Is it not

possible, for instance, that our blood-pigment is derived from

the chloropliyllous substances which are taken in " as food,

a condition not unlike that which the writer believes to exist

in tlie coelenterates '? The recent feeding experiments of

Biirgi and his co-workers (1919) indicate that such is the case,

for they give strong indication that the animal body is depen-

dent upon chlorophyll for the building of haemoglobin ; of

three sets of anaemic rabbits, one was fed alone upon a chloro-

phyll diet, the other upon iron pills, and the last group upon

a mixture of iron pills andgreenstuffs. The anaemic condition

of the first two groups was very slow to improve, whereas

the animals in the last group within a short time lost all

symptoms of anaemia and the haemoglobin content of their

blood came back to normal. This means that chlorophyll

with its four pyrrol groups is quite as necessary for the manu-

facture of haemoglobin as elemental iron. This conclusion

is further substantiated by Grigoriew (1919), who has repeated

Biirgi's feeding experiments with positive results. If this be

true, methods can very well be devised to control the formation

of haemoglobin in disease.

What, then, must be the conclusion as to the origin of

pigment in the coelenterates '? In the first place the chyl-

aqueous fluid, which in function at least is the analogue of the

blood of higher animals, carries to the tissue the components
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from which it elaborates its pigment ; the components, in

addition, are probably highly-organized substances. The

gastrovascular fluid derives these pigment-making substances

from the chlorophylls which enter as food. The pigment,

therefore, in addition to bearing a close relationship to haemo-

globin, is probably itself derived from chlorophyll. This

applies to MacMunn's actiniohaematin ; and it will also be

recalled that Elmhirst and Sharpe (1920) have shown that

the non-haematin pigment of A. equina releases oxygen

as a result of photosynthesis, which likewise suggests an

intimate relation to chlorophyll.

4. Platyhelminthbs-.

Huxley (1877, p. 57), writing of the digestive cavity in the

Coelenterata, remarked that the ' fluid which it contains

represents blood '. Concerning the next higher group he states :

' In the Turbellaria, Trematoda, and Cestoidea, the lacunae

of the mesoderm and the interstitial fluid of its tissues are the

only representatives of a blood-vascular system.' The observa-

tion of Huxley is interesting, but it must be recalled that

the mesodermal lacunae represent merely the morphological

homologue of the blood-system ;
^ the functional precursor

of the vascular system, as in the coelenterates, is to be found

in the gastrovascular cavity.

Pigmentation is common among the flat worms ; many

of the marine polyclads, in particular, are distinguished by

a brilliant coloration. The only investigations concerning the

pigment of the animals belonging to this class with which the

writer is acquainted are those of Gamble and Keeble, and Crozier.

The latter author (Crozier, 1917) has shown that the polyclads

^ Though the supply of pigment-forming substances is undoubtedly

given by the gastrovascular system, it is interesting to note that among

the Rhadocoele Turbellaria the parenchyma (in which the lacunae

are formed) is the seat of the body-pigment (Parker and Haswell, vol. i,

p. 265). This seems to be the first instance in which the function of provid-

ing pigment has been taken over by the morphological fundament of the

future blood-system.
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commensal with the (jraiige colonies of Ecteinascidia
turbinata and the purple colonies of Ehodozona picta

are themselves orange and purple, respectively, and of a shade

very similar to that of the animal with which they are com-

mensal. On starvation (i. e. when removed from the colony

of tunicates) these polyclads lose their colour, but when
allowed to feed again with the tunicate colonies they regain

their colour in a very short time. This, Crozier believes, is an

example of a pigment which is formed directly from food, and

it accounts for the colour being the same as that of the animal

with which the polyclad is commensal. The writer has made
certain other observations which in part support Crozier's

conclusion. The colouring matter in the tunic of Ectein-
ascidia turbinata is made up of stellate orange chromato-

phores. Now, if the body-cavity in one of the polyclads

recently taken from a colony of Ecteinascidia be observed

under the microscope, not infrequently small pieces of orange

pigment can be observed, many of which show clearly that they

are portions of the chromatophores from the tunic. Owing

to the great frailty of the polyclads, the fate of these small

pieces of pigment could not be followed completely ; as a result

it was impossible to settle definitely whether the j^igment was

ingested bodily by the entodermal lining as Congo red is ingested

by the young of Convoiuta roscoffensis (Gamble and

Keeble, 1903), or first went into solution. If the former

assumpti(m were true, it might be possible to raise a race of

colourless individuals of this species (as Poulton, 1893, has

done for certain of his insect larvae) by preventing their

association with Ecteinascidia. The writer, however, is in-

clined toward the belief that the fragmentary pieces of chroma-

tophore go into solution in the water-vascular system and

are subsequently taken up by the cells which need them. The

latter explanation, if correct, would accord with the fact that

the pigment does not extend promiscuously over the body, but

is found in definite and regular designs.

Among some Turbellarians (Convoiuta and Vortex) the green

or yellow colour is occasioned by the presence of symbiotic algae.
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5. ECHINODERMATA.

It is generally accepted that the first phylogenetic appear-

ance of a vascular system is to be found among the echinoderms.

The animals of this phylum are provided with distinct organs

of circulation consisting of two radiating canal systems (haemal

and perihaemal), the most important of which arises from a ring

surrounding the oral end of the digestive tube.

Although these vessels always contain a corpusculate fluid,

it is certain that they are incapable of either peristalsis or of

any other contractile manifestation. Also the sinus which

accompanies the madreporic canal, while usually looked upon

as a rudimentary heart, certainly performs no pumping func-

tion. Consequently serious doubt has arisen as to the correct-

ness of looking upon the haemal and perihaemal systems of

the echinoderms as true blood-vascular systems.

The corpusculate fluid of the haemal and perihaemal vessels

is likewise found throughout the entire peritoneal cavity.

' The corpuscles are nucleated cells, which exhibit amoeboid

movements ; and the fluid so obviously represents the blood

of higher animals, that I know not why the preposterous name
of " chylaqueous fluid " should have been invented for that

which is in no sense " chyle ", though, like the other fluids of

the living body, it contains a good deal of water ' (Huxley,

p. 480).

(a) The Sea-urchin Tripneustes esculentus
L e s k e

.

The red pigment cells are the most noticeable constituent

of the ])ody-fluid of this animal. With them are found non-

pigmented cells, vibratile cells which are supposed to facilitate

circulation, and, less frequently, yellow cells which are not

unlike Zooxanthellae.-^ The red cells are closely packed with

small granules ; when protruding its pseudopodia, the cell

first sends forth a thin, transparent lamella of hyalin ectoplasm,

^ The most recent work on the body-fluid cells of sea-urchins is that of

Kollmann (1908). He recognizes five types of cell.
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and into this the round red granules subsequently flow. The

conformation of the pseudopodia resembles closely that

described by Goodrich (1919) for the coelomic corpuscles of

Asterias glacialis. Thus (as first shown by Geddes,

1880) the cell is truly amoeboid, being able both to protrude

and to withdraw its pseudopodia.

It seemed a curious fact that the cells within the body-fluid

of the sea-urchin should be of identically the same colour as

the pigment granules which give to the animal its characteristic

coloration. Consequently an effort was made to determine

whether or not the two pigments are identical. The same

technique was employed as was made use of in settling the

identity of the pigments from A. bermudensis and

C. passiflora (p. 347), viz. that of testing their action in

the presence of certain solvents, and the results seemed to

indicate clearly that the two pigments are one and the same.

In examining the external pigmentation, small pieces of the

tube-feet were employed, since the behaviour of their coloured

granules can be watched much more closely than can those of

the spines. For testing the perivisceral fluid, fresh smears were

used to which the reagents were added with a capillary pipette

while under observation. Of the alcohols, amjd was the only

one which dissolved the pigments, they being very readily

soluble, however, in this reagent. Neither of the pigments were

extracted by the lipochrome solvents, ether, chloroform, petro-

leum ether, or xylol. The colouring-matters are readily

dissolved by 10/N solutions of the acids, dissolving \^-ith particu-

larly great rapidity in valeric acid.^ In the presence of alkalis

both pigments w^ere darkened, but not extracted.

After these experiments had been made, it came to the

author's attention that Geddes, in a personal communication

to Gamgee (1880, p. 134), stated his belief that the pigment

of the red amoeboid cells was identical (in Echinus) with that

of the epidermal spines. This view resulted from a very thorough

study of the body-fluid of sea-urchins (Geddes, 1880). Con-

^ This again corroborates Crozier's (1916 rt) conclusion that valeric is

the most penetrating of all acids.
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cerning the origin of these pigment cells Geddes and Prouho

(1887) agree that the yellow cells ^ which are found in the body-

fluid give rise to the red cells ; they base their conclusion upon

the fact that at times many intermediate stages between yellow

and red cells are to be observed. In sea-urchins which had been

weakened on the preceding day by the loss of perivisceral

fluid, the writer also noticed intermediate stages between these

two corpuscles.^ The observations regarding the origin of

the red cells are of importance, since they give direct evidence

that the body-pigment arises in the blood-system.
Very little is known regarding the nature of the yellow cells

from which the red ones arise. It is quite possible that they

are chlorophyllous cells, as Geddes has suggested. But if this

is the case, we have before us a phenomenon of great impor-

tance, since it would afford direct proof that a chlorophyllous

substance gives rise to a haematin pigment. MacMunn (1883 c)

has found chlorophyll in the integument and certain tissues of

many invertebrates, including the echinoderms. In addition

he (1883 a) has described the red pigment of echinoderms as

being a definite chemical substance, which he has named
' echinochrome '. This pigment was believed both by him

and by Griffiths to be respiratory in nature, but this has since

been denied by Saint-Hilaire (1896), and more recently by

McClendon (1912). Echinochrome has been analysed chemically

by Griffiths (1897) with the following result :

Cio2 H99 N12 FeSa O12

On boiling, the pigment is converted into haematoporphyrin

(p. 351) and haemochromogen, which shows that echinochrome

is related to haemoglobin ; the relationship, moreover, is

probably close, since it has in the molecule both Pe and S,

and also because it breaks down into haemochromogen, which

^ Found most abundantly in Dorocidaris papillate, Arbacia,

and particularly in Spatangoidea.

- In the study of the pigmented cells of A. atra (Fulton, 1921 h)

a similar phenomenon was observed ; in animals which previously had

been weakened by the loss of blood many intermediate stages between the

colourless cells and the pigmented corpuscles were observed.
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is a reduction product of haemoglobin. It is interesting also

to note that MacMunn (1883 h) has shown the presence of free

haematoporphyrin in the tissues of echinoderms (especially in

Uraster rubens) which, as he suggests, is probably an

intermediate product in the formation of echinochrome.

From the preceding facts it is evident that in most echino-

derms there are present simultaneously chlorophyll, haemato-

porphyrin, and echinochrome, the last being closely related to

haemoglobin. If the diagram on p. 351 be consulted it will be

o])served that this represents almost the complete circle from

chlorophyll to haemoglobin : thus we have chlorophyll,

a porphyrin, and an iron-containing pigment which breaks

down into a reduction product of haemoglobin. This evidence

greatly emphasizes the hypothesis (p. 352) that many of the

animal pigments, including haemoglobin, are derived originally

from chlorophyll.

(h) 1 h e r E c h i n o d e r m a t a .

The body-fluids of numerous other echinoderms possess

coloured amoeboid cells whose pigment in many cases appears

to be identical with that of the epidermis. The fact that the

colour of these cells is similar to that of the body is in itself

significant ; in addition, however, there is frequently chemical

evidence which tends also to establish their identity. To avoid

tiresome repetition only a few of the more important examples

from several of the classes of echinoderms will be given.

Asteroidea.—The amoebocytes from the coelomic fluid

of starfish possess granules which vary in colour from yellow

to a deep brown (Cuenot, 1901). It is noteworthy, moreover,

that the cells with the darker granules are found in the animals

with a deeper body-colour. This is particularly noticeable in

some of the Bermuda starfish.

Ophiuroidea .—The only species examined was p h i
o

-

coma pumila. In this form the body-fluid was marked by

the presence of many yellowish-brown pigment cells which

were closely allied in colour to that of the disc.

Echinoidea.—So far as the writer is aware, in every
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species of echinoid whose blood-cells have been reported upon,

the existence of a red, or red-brown pigment cell (such as was

described for the Bermuda sea-urchin) has been noted ; and

a careful study of the epidermal pigment would undoubtedly

reveal, as it did inT. esculentus, that it is identical with

that of the coloured amoebocytes.

Holothuroidea.—The paper of MacMumi (1889) on

animal chromatology contains many valuable observations con-

cerning the pigments ofHolothuria nigra. He has shown

the presence of a red lipochrome in the ' blood ' of this form and

has found an identical substance in the integument. He identi-

fied the same pigment in the digestive gland and concluded that

it ' is built up in the digestive gland and carried in the blood

current to be deposited in other parts of the body, though what

its role may be when deposited there it is difficult to say '. The

fact that this pigment is found in the digestive gland is of

particular importance, and should be borne in mind when the

pigmentation of the crustaceans is considered. In passing, it

seems worth while to note that this red lipochrome described

by MacMunn is the one which Harvey (1915) found in the testis

of Stichopus ananas, on which he has performed an

interesting series of permeability experiments, using the lipo-

chrome within the cells as an indicator.^ The writer has

observed amoebocytes with brown pigment granules in the

body -fluid of Holothuria surinamensis— pigment

granules which are similar to those of the epidermis. In

addition Herouard (1889) and Cuenot (1891) have reported

brilliant brown and yellow amoebocytes for many holothurians

common along the French coast. One holothurian (Cucu-

maria planci, Marenz.) is distinguished by the presence

of haemoglobin in the cells of the perivisceral cavity. Koll-

mann (1908, p. 188) endeavoured to find the origin of these

cells, but was unsuccessful.^

^ The substance turns blue in acid (MacMunn, 1889 ; Harvey, 1915).

2 Haemoglobin is found also in the ophiuroid, Ophiactis virens

(Foettinger, 1880) ; derivatives of haemoglobin (actiniohaematin), more-

over, are found in many actinians.

NO. 262 C C
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PART 11. THE PIGMENTS OE ANIMALS WHICH
HAVE A BLOOD-VASCULAPt SYSTEM.

1. Introduction.

Ill tlio lirst half of this study covisich^ration was given to

(hoso invertebrates which possess no blood-vascular system,

and the general conclusion was reached tliat the body-pigments,

in the absence of such a system, are deposited in the organism

by its nutritive* fluids. It was concluded also that the materials

used in the production of pigment are derived from certain sub-

stances—usually chlorophylloid—which are taken in as food. It

seemed, therefore, that in the lower invertebrates the body-

fluids (which serve the nutritional function of the blood of

higher animals) serve also to supply the organism with the

substances from which it elaborates its pigment. In echino-

derms, for example, the pigment is formed in the perivisceral

fluid, and is subsequently carried to the epidermal regions.

As a result of such observations one might reasonably expect

the blood of the higher animals also to furnish the supply of

materials for the body-pigments. The writer, in consequence,

has examined the evidence to determine whether such a deduc-

tion is justifiable ; the results of the investigation are presented

in the present half of the paper.

2. Nembrtina.

Though the nemertean worms possess certain annelid

aflinities (nephridia, (fee), the balance of morphological evidence

places them close to the Turbellaria. In one very important

characteristic, however, they are distinct from all of the

Platyhelminths, and that is in the possession of a well-

developed blood-vascular system which is entirely closed.

The vessels originate from a fusion of the spaces which arise

in the mesoblast. The circulatorv fluid contains flat, nucleated

corpuscles, and it is propelled through the body, probably by

bodily contractions, though there is some evidence of vascular

peristalsis. Eew investigations have been made upon the
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pigmentation of nemerteans ; one form. Polia sangiii-

r 11 bra, however, is distinguished by the presence of haemo-

goblin in the blood-cells (Hubrecht, 1874). Previously

Lankester (1872) had found haemoglobin dissolved in the

plasma of this form. In'Cerebratulus urticans (Hubrecht

and 8hipley, 1911) haemoglobin is found in the wandering

body-fluid cells. It is reasonably certain, therefore, that the

red colour of certain nemerteans is due to the presence of

haemoglobin in the blood and in the body-fluids. The origin

of the haemoglobin is not known, but it is interesting to

note that the food of these worms is largely chlorophyllous.

3. MOLLUSCA.

Among the molluscs the most highly-coloured groups are

the opisthobranchs and the cephalopods, and to these brief

consideration will be given.

(a) The Opisthobranchs.

Crozier (1914, 1916 a, and 1916 d) found that the coloured

substance in the mantle of the nudibranch Chromodoris
zebra is very sensitive to the presence of acids and alkalis,

being blue in its natural state (alkaline) and pink in acid. He

(1916 h) observed further that the blood-cells contain a pigment

which is similar in colour to the mantle pigment and likewise

turns pink in the presence of acid. An examination of the

absorption spectra of the two coloured substances showed that

they are identical. Thus the pigment of the blood is the

same as the pigment which is responsible for the external

coloration.^ Inasmuch as it has been shown that the pigment

cells in the blood of other forms—echinoderms (Part I of this

paper, p. 357) and Tunicates (Fulton, 1921 6)—arise while in

circulation, it is not unreasonable to assume, until further

evidence is afforded, that the blood-pigment of C. zebra

is also synthesized by the moving blood.

^ The writer attempted to secure specimens of C . z e b r a when inBernmda

in order to find the origin of the pigment cells of the blood, but owing to

the scarcity of this species during the summer months none were obtained.

C C 2
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Little is known concerning the chemical nature of the

pigments of opistho branch molluscs ; however, certain observa-

tions of Orozier and others are of interest. Crozier reported the

presence of manganese in the pigment of C. zebra, though

he did not believe that the manganese facilitated respiration,

Paladino (1908) detected both magnesium and iron in the

pigment of A p 1 y s i a punctata.^ It appears to the writer

that Paladino 's observations are of particular importance in

their relation to the origin of animal pigments. In the first

part of this paper, evidence has been given to show that the

pigment haemoglobin is derived from chlorophyll. The chief

objection to such a contention is the difiiculty of exchanging

the magnesium of chlorophyll for the iron of haemoglobin.

It would seem from Paladino 's work that the coloured substance

of A. punctata is a pigment which is intermediate between

chlorophyll and haemoglobin since it possesses both magnesium

and iron. It probably is not entirely justifiable to draw any

conclusion until more is known concerning the chemical nature

of the molecule to which the iron and magnesium are attached.

However, the pigment showed absorption bands which are

similar in some respects to those of haemoglobin ; moreover,

nitrogen was detected in the molecule. Both of these facts bear

evidence that the pigment of A. punctata possesses the

same chemical base as haemoglobin.

The blood of a closely-allied form, x\plysia depilans,
has a distinct rose colour, due to the presence of an albuminoid

(Cuenot, 1890) which is precipitated by alcohol and acids.

The coloration of the body is due in part to the presence of this

substance in the epidermal regions.

(6) The Cephalopods.

Among the earlier observations on the blood of cephalopods

were those of Kouget (1859), who described colom-ed corpuscles

^ MacMiinn (1899 6) has made a spectroscopic investigation of the pig-

ments of Aplysia punctata. He also found (as did Crozier and

Paladino) that the pigment is very sensitive to a change from alkalinity to

acidity.
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in an octopus, and of Bert (1867), who gave an interesting

description of the epidermal circulation. Eabuteau and

Papillon (1873) obtained a pigment from Octopus vulgaris

which failed to give absorption bands. The classic researches

on this form, however, are those of Fredericq (1878), who was

the first to demonstrate the presence of a respiratory pigment

(on haemocyanin, see below) in the blood. In addition to

the haemocyanin he found in the blood a red lipochrome.

Though there is no direct proof (as there is in the case of the

red lipochrome found in the blood of crustaceans) that the

substance is identical with the red pigment in the chromato-

phores, it is highly probable that such is the case. The colour

itself strongly suggests the similarity, while the fact that similar

pigments are found in the blood of other animals as well as

in their chromatophores, gives added evidence that the two

pigments are identical. The best description of the chromato-

phores in Octopus is that of Gowdry (1911).

The inky fluid of the cuttle-fish Sepia officinalis is

a pigment which is chemically identical with certain melanins

of the higher animals (Piettre, 1911 h). Though melanin-like

substances have been reported in gorgonian stems and in

certain mollusc shells, their identity with vertebrate melanins

has never been proved. Consequently it is a very curious fact

that the invertebrate which possesses the most highly organized

nervous system should also possess melanin, which in the higher

animals is so intimately connected with the nervous system.

The question of the origin of melanin and of its chemical

constitution will be considered in a later section.

(c) Other Mollusca.

Many detailed investigations have been made on the respira-

tory pigments of the mollusca, but since these pigments seldom

function in the production of coloration, they will not be con-

sidered in detail.

Haemocyanin.—The substance responsible for the blue

colour of the blood of certain mollusca was first isolated and

described by Fredericq (1878). Haemocyanin has since been
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found in representatives of oxoiy class of mollusc save the

Ainpliineura/ and it is also common among the crustaceans

and the arachnids. Kecently the chemical and physiological

properties of haemocyanin have been extensively investigated

by Alsberg and Clark (1914), who find that the pigment lacks

many of the remarkable properties of haemoglobin
;

particu-

larly to be noted is its small binding power for oxygen.

Pinna glob in.—The blood of the lamellibranch Pinna
squamosa is distinguished by a respiratory pigment which

contains manganese. This metal is linked to a protein which

contains the usual elements of blood pigments, viz. C, H, N,

S and O2, and these in proportions similar to the corresponding

elements of haemoglobin (Griffiths, 1897).

Haemoglobin.—The colour of the 'blood-clam' (Area)

is due to the presence of haemoglobin in the blood ; the

pigment is found also in other Lamellibranchs : Solen
legumen, and Cardita, and in the gastropod Planorbis

(Lankester, 1872; Leitch, 1910).

Chlorophyll has been detected in many of the Mollusca.

The colour of the green oyster is due to an algal infection

(Lankester, 1880). Enterochlorophyll has been described by

MacMunn (1883 c, 1885 fc) as existing in the liver of many
crustaceans and molluscs. For further discussion of entero-

chlorophyll, see below% p. 309.

4. The Annelida.

One of the most interesting characteristics of the coloration

in annelids is the fact that the coloured substances found in

this phylum are usually respiratory pigments ; few of the

coloured substances serve alone for ornament. The segmented

worms have two circulatory fluids : the perivisceral (coelomic)

^ The chitons possess a non-metallic respiratory pigment, ,9-achroglobin,

which was described by Griffiths (1897). In addition to this pigment

a yellow lipochrome is present in the blood, which is more common in the

female of the species than in the male, and is thus responsible for the

deep yellow colour which the female chiton assumes during periods of

reproduction.
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aiid the pseudohaemal, or blood-vascular fluid. The fluid of the

coelom contains corpuscles, and carries food substances derived

from the intestine. The blood, on the other hand, functions in

respiration and probably has little to do with the transportation

of food. The respiratory pigments, therefore, are found in

greatest almndance in the blood-vascular system, though they

are sometimes met with in coelomic fluid.

There are four varieties of pigment found in annelid worms :

haemoglobin, chlorocruorin, chlorophyll, and the lipochromes.

Haemoglobin.—In the more primitive annelids, haemo-

globin is found dissolved in the blood plasma, the corpuscles

themselves being colourless and serving as phagocytes (most

chaetopods and Hirudineae ; Lankester, 1872). In the

Capitellidae and in Glyceridae the haemoglobin is packed in

individual cells. ^ Much more extraordinary, however, is the

occurrence of haemoglobin in the nervous chain of Aphrodite
aculeata, and as Lankester (1872, p. 79) remarks it is diffi-

cult to account for its appearance there as ' we have no know-

ledge that this Annelid is remarkable for nervous energy '.

Annelid haemoglobin (particularly that of Lumbricus
t e r r e s t r i s) is almost identical with the respiratory pigment of

vertebrates. Griffiths (1892, p. 147) made a detailed chemical

analysis of the haemoglobin of Luml)ricus and found that the

only considerable discrepancy between it and the haemoglobin

of a dog lay in the amount of iron present, there lieing slightly

less iron in the pigment of the annelid.

Concerning the differences found between the various

haemoglobins, a statement which Griffiths (1897, p. 101)

makes in another work might very aptly be quoted. ' If

species have been modified in the course of long eras, the

haemoglobins—though fulfilling all the conditions of a true

chemical compound—must have become modified step by step

with the species. . . . Hence we see that the conception of evolu-

tion must necessarily find a place in chemistry, not merely as

^ In many text-books—Parker and Haswell, Hegner, &c.—it is stated

that the haemoglobin of annelid blood is found dissolved in the plasma.

Though true for certain species it is quite incorrect as a general statement.
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regards the olomonts, but as regards the formation of highly

complicated compounds.' Though the earlier writers con-

sidered that there were no spectroscopic variations between the

haemoglobins of various animals, more recent work has shown

that there are minute differences even between the spectral

bands of ethiopian haemoglobin and that of the white races.

Eecently Vies (1919) made a careful investigation of the haemo-

globin of Arenicola piscatorum, Lk. and of Marphysa
sanguine a, Quatref., and has found certain pronounced

differences between their spectra and that of vertebrates.

With such facts as these one cannot avoid agreement with

Griffith's contention that haemoglobin is the product of a long

and complicated phylogenetic development. Sorby (1876),

in a paper on the evolution of haemoglobin, held that the

substance had its beginning as a bile pigment (non-respiratory)

such as exists in Helix aspersa. The next step was found

in the haemoglobin-like pigment of Planorbis, which is respira-

tory. The final stage is seen in the concentration of haemo-

globin into individual cells, a condition such as one finds first

in the blood corpuscles of Gephyrea, and later in the vertebrate

erythrocytes.

Eeichert and Brown (1909), in their monumental work on

the crystallography of the haemoglobins, have urged, since

there is a characteristic crystal form for the haemoglobin of

every species, that the haemoglobin of each species is chemically

different from that of every other, and that a specific crystal

form is an expression of a specific chemical molecule. But,
' it is well known that crystal-habit is modified by the altera-

tions of the medium from Mhich the crystals are deposited ',

and since it is a matter of common knowledge, particularly

in the light of modern bacteriology, that the blood plasma of

animals differs profoundly betw^een individuals (even of the

same species), and since the haemoglobin crystals of each

species studied by Eeichert and Brown were deposited from

a different medium, ' it is not improbable that the observed

differences in the crj^stals are attributable to these known
differences in the media in which they were formed ' (Eobert-
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son, 1920). This, however, does not in any way destroy the

value of their work, which is a most fundamental contribution

to our knowledge of the crystal structure of proteins.

Chlorocruorin.—This pigment, though green in colour,

is closely allied to haemoglobin. The substance was noted by

Milne-Edwards (1838), but was first isolated by Lankester

(1869) from Sabella ventrilabrum and Siphonostoma.

MacMunn (1883 a) subsequently identified it in Serpula

contortuplicata.^ Though the absorption bands of

chlorocruorin present a striking similarity to that of haemo-

globin, the green pigment cannot be broken down into any of

the decomposition products of the red pigment. Chlorocruorin,

however, is definitely respiratory and is capable of existing in

two states of oxidation, oxychlorocruorin and reduced chloro-

cruorin. The pigment is found both in the blood and in the

epidermis, and the animals possessing chlorocruorin owe their

colour almost entirely to its presence.

Chlorophyll.—The only authentic example of a chloro-

phyllous pigment existing in annelids is that of Bonellia

viridis. Sorby (1875 6) showed that this pigment gave

absorption bands which were practically identical with chloro-

phyll, but Geddes (1882) failed to find any evolution of oxygen

in the tissues of Bonellia when it was exposed to strong sun-

light. Krukenberg likewise obtained negative results (Geddes).

However this may be, it is most probable that bonellein is

a derivative of chlorophyll, particularly in view of the recent

investigations of Hans Przibram (1913), which have demon-

strated striking spectroscopic similarities between the two

pigments.

Lipochromes .—The blood of A r e n i c o 1 a p i s c a t o r u

m

has, in addition to haemoglobin, certain lipochromes, some of

which give absorption bands (MacMunn, 1883 a, 1889). Mac-

Munn, in addition, found that a lipochrome present in the

digestive tract was found also in the epidermis. Fauvel (1899)

^ It is a curious fact that the pigment of Serpula, though spectroscopi-

cally identical with that of Sabella, is red in colour. Griffiths (1897)

believes that the two pigments are isomeric.
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lias likciwiso reporiod the presence of a yellow lipochrome in

the epidermis of Arenicola. Inasmuch as Kacovitza (1895)

has shown that the amoebocytes of many polychaet annelids

(including Arenicola) carry fatty pigments from the blood

and deposit them in the epidermis, the unavoidable conclusion

remains that the fatty pigments of Arenicola are

derived from food, and transported to the

epidermis by the b 1 o o d - s y s t em . It is worthy of note

also that many of the lipochromes are closely allied to carotin,

which means that they are derived from chlorophyllous food

substances. Further consideration of carotin will be given in

the following section (p. 87B).

5. Arthropoda.

In the phylum Arthropoda, not only is the blood-system well

developed, but there are present, as in the cephalopoda, large

chromatophores which facilitate colour change. A vast amount

of work has been done upon the pigments of the arthropods,

and since it has lieen reviewed very completely by Fuchs

(1914, crustaceans), and Biedermann (1914, insects), the writer

will limit himself to a discussion of the origin of the pigments

in this phylum.

{a) Crustacea.

The presence of chromatophores in the carapace of crusta-

ceans was first noted by Focillon (1851). The classic work

on crustacean pigment, however, is that of Gamble and Keeble

(1900) on the colour phases of Hippolyte varians, in

which the structure and activities of the chromatophores

are described in great detail. The structure of the chromato-

phores from other species of Crustacea has been investigated

more recently by Franz (1910). The pigments which have been

found in the blood of crustaceans are very nearly the same as

those found in the molluscs, viz. chlorophyll (enterochlorophyll),

lipochromes, carotin, haemoglobin,-^ and haemocyanin. As the

1 Haemoglobin has been detected in several crustaceans by Regnard et

Planchard (1883).
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copper-containing pigment of the crustaceans is identical with

that of the molhiscs, its further consideration is unnecessary.

Enterochlorophyll .—MacMunn (1883 c) discovered that

a pigment which was spectroscopically identical with plant

chlorophyll occurred in the liver of many molluscs and crusta-

ceans. He found that this pigment—which he named entero-

chlorophyll—occurs dissolved in oil globules or in granular

form, but sometimes even in the protoplasm of the secretory

cells of the liver. For a long time MacMunn believed that the

occurrence of enterochlorophyll in the livers of invertebrates

demonstrated that animals are capable of synthesizing chloro-

phyll. Finally, however, he was forced to abandon this position

when he (MacMunn, 1899 a) found that enterochlorophyll is

present in the intestine and blood of the forms in whose livers

it also occurs. He was thus forced to admit that entero-

chlorophyll enters the animal as food and is stored in the liver.

In his own words (p. 438) :
' I have been forced, I must confess

against my inclination, to believe that enterochlorophyll is

a pigment which primarily has been taken up from the intestine

dissolved in a fatty medium, and is carried either ])y

leucocytes, or in some other way to be deposited with this

fat, and perhaps other reserve products, in the gastric gland.

Whether it is utilized for the production of other pigments or

not is a question for future investigation. That it is a chloro-

phyll derivative I now believe to be proved.'

The same conclusion was reached by Dastre (1899, p. 120),

who states :
' La chlorophylle hepatique n'est pas un produit

animal fabrique par le foie : c'est une chlorophylle vegetale,

venant des aliments, fixee seulement et conservee d'une fa^on

remarquable dans le tissu hepatique.' Further investigations

were made by Dastre and Floresco (1898, 1899 a, and 1899 h)

whose conclusions were the same. What is the significance of

the occurrence of chlorophyll in the livers of crustaceans and

molluscs ?

The most obvious fact is that it is a food substance stored

there for future use. But of even greater importance is the

fact that chlorophyll is shown by these observations to be
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capable of absorption into tho animal body without, being

materially changed in the process. Hence if animals employ

chlorophyll in building up their pigments, they have it on hand

unchanged by the processes of digestion. This conclusion is

strongly reinforced by more recent work. Dhere et Vegezzi

(1916) have shown that all of the chlorophylloid pigments pass

without change into the liver of Helix pomatia. But the

more important work is that of L. S. Palmer (191/5, 1916),

who has shown that certain plant pigments are absorbed from

the intestine into the blood of a cow and from there pass un-

changed into the milk. This investigation will be discussed

in greater detail under carotin (p. 373). One is reminded at this

point of the observations of Moglia (1910), that the depth of

coloration in certain gastropods decreases in the winter, due

as he believes to a lack of food, and also of M. E. Johnson's

(1913) contention that Eana depends for its colour, not upon

the amount of nutrition but upon being nourished by food

substances which are properly pigmented.

MacMunn (1S83 c) has shown that in certain molluscs—as

Patella—a haematin is present in the liver in addition to

enterochlorophyll, and there is every probability he adds, that

the haematin finds its origin in that tissue. Though the haema-

tin mightr have arisen independently of the chlorophyll in the

liver, the more logical assumption (in view of the chemical

similarities between chlorophyll and haematin, alluded to in

Part I of this study) is that it is derived from the chlorophyll.

As with the origin of echinochrome, the origin of molluscan

haematin is highly uncertain, but the hypothesis just presented

is interesting and certainly merits further investigation.

From the observations of Paladino (1910) one is led to

believe that haematin is present not only in molluscs but likewise

in the livers of certain crustaceans. Apparently unacquainted

with MacMunn's work Paladino has reported the presence of

a water-soluble ferruginous pigment in the livers of several

crayfish. In addition, he finds a yellow lipochrome (probably

carotin) which contains no iron. The iron-containing pigment

which he finds is undoubtedly either haematin or a derivative.
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Lipo chromes.—Halliburton (1885), in an investigation

of the blood of decapod Crustacea, found a red lipochrome

present in addition to haemocyanin, which had been described

previously. He extracted the red substance by first precipitat-

ing the proteins of the blood with alcohol and then extracting

the red pigment with ether. He noted also that the amount

of the red pigment varied in different specimens, but was

unable to find an explanation for the fluctuation. In the same

year MacMunn (1885 a) investigated Halliburton's red lipo-

chrome and concluded that it was identical with the pigment

of the chromatophores in the exoskeleton. Several years later

Miss Newbigin (1897) reinvestigated the question. She corro-

borated MacMunn's results, but in addition found evidence

that the red lipochrome was derived from the yellow pigment

(probably the carotin contained in the enterochlorophyll
;

see below, p. 873) of the liver. Consequently, if Miss Newbigin's

results are reliable, one would trace the origin and development

of the red pigment in the chromatophores of crustaceans as

follows : chlorophyllous substances enter the body as food ;

they are absorbed by the intestine and stored by the liver,

in which tissue they probably undergo slight modification.

The carotin contained in the chlorophyll of the liver, when called

upon, is transformed into a red pigment substance—a lipo-

chrome—and transported by the blood to the epidermis, where

it is used in building up the chromatophore. The recent

analyses of Verne (1920) have shown that the red pigment of

the decapod Crustacea is a hydrocarbon identical chemically

and spectroscopically with vegetable carotin, and possess the

same empirical formula (C4Q H^q). This investigation removes

any doubt which may have existed regarding the identity of

the two pigments.

The fact that the red lipochrome present in the blood is

subject to great fluctuation (Halliburton), is possibly to be

explained by the moulting period of the animal. Immediately

after the moult there is great demand for pigment to build

up new chromatophores, which results in a diminution of the

amount present in the blood. In this connexion the recent
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observaiiou of raul and Sliarpe (1919) is of iiitorost. Thoy have

shown that iminodiately before the moult the contents of the

Hver greatly increase in quantity, and after the moult the amount
returns to normal. This would certainly affect the amount of

pigment free in the blood. G. W. Smith (1913) has called

attention to the fact that the amount of red pigment (which he

calked ' tetronerythrin ') varies in the female (crab) during

periods of reproduction, being most abundant shortly before

the eggs are produced.

Before proceeding to the consideration of carotin a word

should b(^ said concerning the red pigment, tetronerythrin.

This substance was first described by Wurm (1871), who
reported that it existed in several animals. Merejkowski

(1881) reinvestigated the pigment, and came to the conclusion

that it was widely distributed throughout the animal kingdom,

since he found it in every phylum. Merejkowski's criteria for

tetronerythrin (also known as zooerythrin) are as follows :

the substance must be (1) insoluble in water
; (2) soluble both

in alcohol and ether
; (3) blue in acid

; (4) red in carbon

disulphide ; and (5) decolorized by light. Both Merejkowski

and (lautier held the pigment to be respiratory. In a later

paper, Merejkowski (Krukenberg) reported that he had demon-

strated zooerythrin in 117 species. Krukenberg^ found it

also on the eye-lids of birds and in their feathers. MacMunn
(1889), however, showed that a number of different pigment

substances would respond to the tests used by Merejkowski.

The substance which responds to the test for tetronerythrin

in crustaceans is the red lipochrome described by Halliburton

(Halliburton, 1885 ; MacMunn, 1889), and, as tetronerythrin,

it has been extracted both from the epidermis and from the

blood ; this further substantiates the conclusion reached

above, that the red lipochrome of the blood is identical with

that of the chromatophores. In addition, MacMunn also held

that tetronervthrin arises in the liver.

Carotin.—This substance is a yellow pigment found in

^ Vergleith. physiol. iStuclien, Abth. o, and (2. Reilie) Abth. 1, p. 151 ;

Abth. 3, p. 128.
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association with chlorophyll. It was first isolated from carrots

(sometimes spelled ' carrotin '), from which it received its name.

Willstatter und Meig (1907) have shown that carotin is

a crystalhne unsaturated hydrocarbon (C4„ Hgg) melting at

174°. It is of wide occurrence not only in the vegetable, but

also in the animal kingdom, being found in the blood sera

of most birds and mammals (Schunck, 1903 ; Palmer, 1915,

1916 ; and Hymans van den Bergh und Miller, 1920), and in

mammalian milk ;
^ the yellow pigment of butter fat likewise

is composed largely of carotin (Steenboch, Sell, and Buell,

1921). It is also found in manmialian ovaries ; however, the

' lutein ' of the corporea lutea themselves is isomeric with

xanthophyll, the oxide of carotin. The colored substance

of egg-yolk is made up largely of xanthophyll, though it too

contains some carotin (Palmer and Kempster, 1919 a, h, and c)
;

carotin also is sometimes present in human urine, appearing

there after carotin has been ingested (Hess and Meyers, 1919),

and it has been isolated from gall-stones (Plimmer, 1915,

p. 532). But of much greater interest is the fact that carothi

is present abundantly in manmialian nerve-cells (Dolley and

Guthrie, 1919 a and h), and in the fovea centralis of the human
eye. Also the yellow pigment cells (xantholeucophores) in the

epidermis of Fundulus contain carotin, but what concerns

us more immediately is its occurrence in the chromatophores

of crustaceans.

Blanchard (1890) made it evident that the epidermal pig-

ment of the copepod Diaptomus lacillifer contains

a large percentage of carotin. Keeble and Gamble (1902,

1904, and 1905) have corroborated this result, finding that the

chromatophores of many other crustaceans also possess the

pigment. They noted, too, that mobile fat globules are usually

to be found in the branching pigment cells. It has been shown

by Kohl (1902) that carotin was capable of photosynthesizing

fats. With this fact before them, Keeble and Gamble made

1 Pahner and Eckle.s (1914) have shown that the amount of carotin

and xanthophyll in milk (human and cow) is in exact proportion to the

amount of green food consumed.
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an effort to find the origin of the fat glohules in the crustacean

chroniatophores. The investigation proved that the carotin

present in these cells produces the fat globules by photo-

synthesis. The work was carried out on Hippolyte
V a r i a n s , and the experiments were briefly as follows :

^

when Hippolyte is starved in the dark practically all of the oil

disa])})ears from the chroniatophores ; when starved in sun-

light, however, the globules continue to exist as before ; when
a ' dark-starved ' Hippolyte is exposed to sunlight (without

feeding) the fat returns. Thus the crustaceans present a remark-

able phenomenon : tlu^ plant pigment which has been eaten

by the animal, is stored in the liver ; later it is carried by the

blood-system and deposited in the epidermal chromatophores,

where it functions exactly as in the plants from which it was

derived ! The only othtu- instance of such a phenomenon

known to the writer is that (already referred to on p. 373, note)

described by Palmer and Eckles (1918), who have shown that

carotin and xanthoi)liyll pass in the blood from the intestine to

the mammary glands. It is extremely interesting, also, to note

the recent observation of Findlay (1920), that carotin and

xanthophyll are found in the mammalian adrenals, and are

largely responsible for the colour of the glands.

(b) The Insecta.

In many ways the insects offer a more favourable condition

for the study of animal pigments than any other group of

animals. They are small, many are brilliantly coloured, and

in addition the physiological processes of insects are on the whole

less complicated than in other forms ; moreover the more

important pigments of insects are concentrated in the wings,

which are thin and therefore well adapted for the purposes of

observation.

The greater share of the work on the pigmentation of insects

^ It is not within the scope of this paper to attempt to summarize Keeble

and Gamble's results on the mechanism of colour change in this animal.

They will be found in the papers cited above and in Gamble (1910) ; a more

recent study of colour variation in crustaceans is that of Potts (1915).
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has been carried on by the English investigator Poulton, who

found that the pigment of a large nmnber of insects (in all

stages of development) is a modified chlorophyll derived from

the plant on which the animal feeds. The chlorophyllous

substances are eaten, absorbed into the blood-system, and

deposited in the regions of the body exhibiting pigmentatior.

The most valuable results in Poulton's work came from

a spectroscopic examination of insect blood. His (1884)

work on the pigment of Sphinx ligustri is interesting.

The blood from the pupae of this form was examined and its

spectrum recorded ; then an extract was made of the calceolaria

leaves upon which the larva feeds. When the spectrum of the

extract was superimposed upon that of the blood, the bands

were found to correspond in a very striking way. In Poulton's

own words (p. 290) :

' Considering the chemical change which nuist have taken

place in the chlorophyll during digestion, rendering possible

the passage of the walls of the digestive tract, and considering

its chemical union with the proteid constituent of the blood,

the resemblances of the spectra are very striking ; in fact, the

two spectra are far nearer each other than the ordinary spectrum

of chlorophyll in alcoholic solution is to the unaltered chloro-

phyll of leaves '.

It was held by Poulton that the power of utilizing chloro-

phyll in building up pigments is an adaptation on the part of

the insect which enables it to assume the colour of the leaves

on which it feeds. As evidence for this he brought forward

the fact that if larvae of Trypoena pronuba are fed

respectively on green, brown, and white cabbage leaves, green,

brown, and white larvae result according to the colour of the

leaf on which they were fed. This result has since been corro-

borated by Levart et Conte (1902), who worked on Attacus

Orizaba and Bombyx mori.
Peterson (1913) has found that the chlorophyll which passes

into the intestine of certain red caterpillars is modified into

1 Poulton has written a large number of papers on this subject. The

more important ones will be found in the bibliography under Poulton,

1884, 1889, 1892, and 1893.
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a red substance (vanessa red), which is later absorbed and

transported to the epitheHum, where it is deposited and

becomes the pigment of the wings and of the other body-parts.

The unabsorbed portion of the red pigment is voided. The

investigations of Gortner (1911 and 1912 6) on insect melanins

are also of interest, since he has shown that they are sometimes

formed from chlorophyllous substances (oxidizable chromogens)

acted upon by the plant ferment, tyrosinase. More recently

Schmidt (1919) has conducted similar investigations on insect

melanins, and his results accord with those of Gortner.

It appears to the writer that the most significant part of all

Poulton's work on insects is the demonstration that chlorophyll

resists the digestive enzymes, and passes practically unchanged

into the blood-system. Evidence has been cited to prove that

this also is the case in the Mollusca and Crustacea, but the

evidence is not conclusive (except in the case of carotin). In

insects, however, there is undisputable proof, and it is of

particular importance, since it shows that the theory that

haemoglobin as a derivative of chlorophyll must not be ruled

out by the fact that chlorophyll is incapable of passing through

the digestive tract. In general, then, the epidermal pigments

of Crustacea are derived from food and are carried to their

destination by the blood-system.

6. The Tunicata.

The strongest evidence in support of the view that the

epidermal pigments are deposited by the blood-system is to

be derived from a study of the tunicates, where it is possible

to predict that there will be found in the blood-stream pigment

cells of a colour corresponding to that of the tunic. Moreover

one can show that the pigmented corpuscles arise from colour-

less cells while they are in the circulation. The tunicate to be

first considered is Ascidia atra.

(a) Ascidia atra.

This species is distinguished from other tunicates, and in

fact from almost all other animals, by the possession of an
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exceptionally large variety (ten distinct types) of blood-cells.

In the vascular fluid of this animal there are three kinds of

highly-pigmented cells : green, orange, and blue ; in addition

there are four kinds of non-motile white corpuscles, and three

other types which are distinctly amoeboid (Fulton, 1921 h).

The writer has shown that all of the pigmented cells in A . a t r a

arise directly in the blood-stream from unpigmented corpuscles.

In the case of the green ' chromocyte ' the metamorphosis from

the colourless cell may be stimulated artificially and the

complete process watched under the microscope. When an

acid, preferably an organic acid of N/10 to N/20 slirength, is

added to a fresh smear of blood, all the non-motile colourless

cells of one variety may be observed to take on a light shade of

green, which gradually deepens ; at the same time the cell

fragments into large green lumps and finally assumes the

characteristic form of the green pigment cell. Th(3refore, it

may be inferred that in nature the green pigment cell arises

from an unpigmented corpuscle as a result of an increase in

acidity.

The orange and the blue cells also arise from unpigmented

corpuscles, but in a slightly different manner. Various methods

were employed in an effort artificially to stimulate the change

from the colourless to the orange and to the blue cells. No
response was secured from acids or bases, but it was observed

in smears of blood taken from an animal which previously had

been weakened by the loss of blood, that there occurred many
intermediate stages between the unpigmented corpuscles and

the orange cell or the blue cell. If one of the intermediate

stages be carefully watched, under very favourable conditions,

there is some indication that it gradually increases its depth cf

colour. With this evidence ^ the conclusion is unavoidable that

all of the pigmented cells arise in the blood-stream directly

from colourless ones.

The deep purple-blue colour of the tunic of A . a t r a is

^ The details of the experiments and a more complete statement of the

evidence for this conclusion will be found in the paper by Fulton (1921 b)

on the blood of Ascidia atra.

D d 2
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caused by th(! presence of large blue pigment cells (H(icht,

1918 a; Crozier, 1916 rf) containing spherical granules, which

migrate from one part of the cell to another. The blue cor-

puscles of the blood-stream are like the pigment cells of the test

in every detail of their structure. It remains, therefore, to

establish the identity of these cells. In the first place, the

presence in botii cells of a very prominent vacuole is strong

evidence in favour of their being identical. In testing the

cells with various reagents another interesting resemblance

was noted. It is known that calcium chloride in miimte

amounts has the power of greatly acceleratijig the activity of

phagocytes (Hamburger, 1910 and 1916) ; it also causes

a decided increase in the activity of the blue pigment cells

both of the blood-stream and of the test. After a M/10 solution

of CaCla has been added to a fresh smear of blood the blue cells,

which in their quiescent state are nearly spherical, inmiediately

send forth pseudopodia, and at the same time the blue granules

within the corpuscles commence to move from one end of the

cell to the other. In the test, however, the pigment cells,

inasmuch as they are fixed within the substance of the test,

cannot move their processes ; there is, nevertheless, following

the addition of CaOla to a section of the test, a decided

activity on the part of the blue granules,-^ an activity which

is similar to that displayed by the corresponding granules

of the blood-cells. The conclusion, therefore, seems to be

warranted that the two cells are identical, and consequently

that the blue cells in the blood give rise to the pigment cells

of the test.^

From these two kinds of evidence it is a reasonable conclusion

that in Ascidia atra the coloration of the animal is even-

tually traceable to the colourless cells of the blood ; for, as has

been shown, the unpigmented cells give rise^ while in circula-

1 A description of a phenomenon of this kind is also to be found in

Pizon's (1898, 1901) papers on the pigment granules of tunicates.

^ Hecht (1918 «) states that when A. atra regenerates a portion of

its test, there are a great many of the blue blood-cells in the area of the

regenerating tissue.
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tion, to the blue corpuscles ; these finally become lodged in

the tunic, and in that way give rise to the surface pigmentation

of the animal.

(b) Other Tunicates.

There are many other ascidians in the Bermuda waters

which are highly coloured. In a cave on the west side of

Agar's Island ^ five specimens of the brilliant red tunicate,

Microcosmus miniatus, Verrill, were found. An
examination of the blood revealed that its most prominent

constituent was an amoeboid cell, containing many brilliant

carmine-coloured granules, which was very similar to the

pigment cell that colours the test. The animal from which

the blood had been extracted was examined on the day follow-

ing, and, as in A . a t r a , there were many intermediate stages

between the colourless cells and the pigmented corpuscles.

These observations confirmed in a substantial way those made
upon A . a t r a

.

Other species of ascidians have been examined and in every

case the colour of the pigment cells in the test was duplicated

by the coloured cells of the blood. The colonial form, E c t e i n -

ascidia turbinata, Herdman, which is brilliant orange in

colour, has as its only coloured cell in the blood-stream a

corpuscle possessing orange granules.

(c) Discussion.

Concerning the origin of the pigments in the blood-stream

of ascidians, no definite statement can be made. It has been

observed that the pigment cells arise while in circulation from

unpigmented corpuscles. Just what is the process involved

in that colour change it is difficult to explain. Grifiiths (1897)

has described a colourless respiratory proteid (y-achroglobin)

in the blood of ascidians, and the chromogen of Phallusia has

been stated by Henze (1911, 1912) to be a proteid in com-

bination with the element vanadium. It is possible, therefore,

that the change from the colourless cell to the ' chromocyte '

^ Where the laboratory is situated,
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is occasioned by the chemical union of the proteid with the

metal. This seems extremely unlikely, however, since vanadium

does not exist in the blood in its elemental state—the differences

in colour of the corpuscles being due to vanadium in different

states of oxidation—and also because the vanadium probably

has the role of catalyst in the respiratory phenomena of

ascidians (Fulton, 1921 c). A more likely explanation is that

in the colourless antecedents of the pigment cells there exists

some colourless vanadium compound which, either on oxida-

tion or reduction, is converted into one of the coloured oxides

of that metal.

7. Discussion—Pigmentation of Vertebrates.

The results obtained in a study of the pigmentation of

invertebrates cannot be entirely without application to the

problem of coloration in vertebrates. Particularly does this

seem true in view of the question regarding the origin of

melanin. In recent years the origin of pigments in vertebrates

has been much discussed. One school holds that the epidermis

is capable of elaborating its own pigment ;
-^ another maintains

that the pigment is carried into the integument by wandering

leucocytes ;
^ still another holds that melanin is derived from

the haemoglobin of the blood.^ For a very complete account

of the historical development and the present status of the

biological theories regarding the origin of melanin, the reader

is referred to Dawson's (1920) paper on the integument of

Necturus. But, in addition to the purely biological discussion

of the question, there are certain chemical investigations on

melanin which demand attention.

The chemical analyses which have been made upon melanin

tend on the whole to support the view that the pigment is

1 Hooker (1914) and Eycleshymer (1906) are the more important

advocates of this view.

2 See the papers of Reinke (1906), Negre (1906), and Borrel (1913).

3 Rahl (1894) maintained that the leucocytes phagocj^tized red blood-

cells and converted their haemoglobin into melanin. This view is also

supported by certain chemical investigations.
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a derivative of haemoglobin. In the first place the same

elements are present in melanin and in haemoglobin (Ham-
marsten and Hedin, 1915, p. 84). Aside from nitrogen and

sulphur the most noticeable element present is iron. The

earlier observers (Scherer, 1841 ; Berdez und Nencki, 1886)

failed, to detect iron, but, as Halliburton (1898, vol. i, p. 121)

points out, their failure was due to the fact that they extracted

the pigment with hydrochloric acid and thus removed the

iron. Morner (1887), and Brandl und Pfeiffer (1890) found that

melanin contained a large amount of iron, and believe as

a result that melanin is a derivative of the blood-pigments,

Schmiedeberg (1897) obtained similar results for the sarco-

melanin from a sarcomatous liver, finding that it contained

2'7 per cent. iron. The more recent work on the subject

likewise corroborates the observation that iron is present in

melanin (Gortner, 1912 a; von Fiirth und Jerusalem, 1907;

Piettre, 1911 a).

There is, therefore, both biological and chemical evidence in

favour of the view that melanin is derived from the blood-

pigments. Moreover, as the present paper has attempted to

show, the great majority of invertebrate pigments are not

only derived from the pigments of blood-systems but the

invertebrate blood-pigments are themselves derived from

food. Unless a profound change has occurred in the physio-

logical processes of the vertebrates as compared with those of

the invertebrates—which is not probable—it appears reason-

able to the writer to admit that some at least of the vertebrate

pigments likewise owe their origin to the pigments of the blood.

Urochrome.—The recent feeding experiments of Eoaf

(1921) have given strong evidence that the output of urochrome

from the urine of guinea-pigs and of man is roughly propor-

tional to the amount of chlorophyll taken in as food, and Eoaf

suggests, in view of the chemical similarity between the two

pigments (the pyrrol reaction), that urochrome is derived from

chlorophyll. It is evident that this observation throws quite

a new light upon the debated question of urinary pigments,

and it gives an added instance of the dependence of animals
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upon the pigments of plants. The further relation of chloro-

phyll to the bile and urinary pigments is a subject which will

well repay further investigation.

In conclusion it may be said with reasonable
certainty that many animals and probably man
do normally use the four pyrrol groups of the
chlorophyll molecule to synthesize haemoglobin
and allied pigments; however, though most
evidence points in this direction, no one has
actually demonstrated that the animal body
is itself incapable of synthesizing haemoglobin
in the absence of chlorophyll.

8. Conclusions.

Part I.

What deductions may be made concerning the animals

which have thus far been considered ? In the first place it

must bo recalled that in no case has the writer dealt with

forms which have a true blood-vascular system.

The most important function of the blood-system in the

higher animals is that of carrying nutriment to the tissues.

In the lower invertebrates this function is accomplished either

by the direct contact of the tissue with the surrounding sea-

water, or l)y circulatory fluids—less highl}?- specialized than

blood—which move within the body. These fluids, therefore,

are the ones which represent the functional antecedents of the

blood-vascular system ; and it is to these that one should

look in seeking the origin of many of the body-pigments. From
the foregoing pages the following conclusions seem reasonable :

1. The pigmented protozoans owe their colour, probably in

every case, to an algal pigment which has resulted from an out-

side infection,

2. Though the evidence in the Porifera is not conclusive,^

^ The evidence recently adduced by Van Trigt (1918) removes any
reasonable doubt concerning the chlorophyllous nature of the pigments of

a large nujnber of sponges.
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it is probable that their pigment is chlorophyll or a substance

closely allied (chlorophyll has been demonstrated in more than

twenty species of sponge), and there is evidence which indicates

that it, too, is obtained from external sources.

3. The constituents from which actinians manufacture their

pigment are carried to the tissues by the gastrovascular fluid
;

it is likely that the constituents themselves are derived from the

chlorophyllous substances which enter as food ; thus they are

in a highly-organized state when they reach the tissues, making

the synthesis of the pigment less difficult. Certain of the acti-

nian pigments—aside from being derivatives of chlorophyll

—

are closely related to haemoglobin (actiniohaematin).

4. In certain fiatworms which are not coloured by algal

symbionts, the pigment is derived from food and is carried to

the tissues by the gastrovascular system.

5. The pigment of the red cells of Tripneustes escu-

lent us, so numerous in the perivisceral fluid, is identical

with the pigment of the epidermis, and since it has been shown

by Geddes and others that the pigmented cells arise while in

circulation from yellow cells, direct evidence is thereby afforded

that the body pigment arises in the nutritive fluid.

6. The red pigment, echinochrome, though probably not

respiratory (McClendon), nevertheless bears a close chemical

relationship to haemoglobin (Griffiths).

7. Since there is every probability (in T. esculent us)

that the yellow cells from which the reds arise are chloro-

phylloid corpuscles, it seems clear that chlorophyll is capable

not only of giving rise to an animal pigment Init to a pigment

which is closely akin to haemoglobin (echinochrome breaks

down into haemochromogen, a reduction product of haemo-

globin). Blirgi's feeding experiments show that chlorophyll

facilitates the formation of haemoglobin in anaemic rabbits.

8. The theory that haemoglobin is derived from chlorophyll

is further strengthened by the fact that in many echinoderms

there is present, simultaneously with haemoglobin and chloro-

phyll, a substance, haematoporphyrin, which is an intermediate

product chemically between chlorophyll and haemoglobin,
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1). In many other echino(l(!nns Asteroidoa, Ophiuroidea,

Echinoidea, and Holothuroidea, there are found pigmented

body-fluid cells which likewise give rise (in part at least) to the

external pigmentation by becoming deposited in the epidermis.

Part II.

In the preliminary observations of the present work, it was

found that in nearly every ' invertebrate investigated there

occurs in the blood a chromogen—either completely formed,

or in the process of formation—which is similar to, and not

infrequently identical with, the pigment of the epidermis.

Though this in itself is an interesting fact, it is at once apparent

that behind the phenomenon there lies something of much

greater significance : Why should the body-pigments occur in

the blood-system, and whence do they come ? The pigments

of the invertebrates, so far as they have been investigated,

appear to be derived very largely from food, being absorbed

into the blood-stream and carried by that tissue to the epidermal

regions, where they are deposited.

The more specific conclusions are as follows :

1. In the absence of a blood-system, as in the Echinoderms

and lower forms, the nutritive fluids supply the epidermis with

its pigments (Part I).

2. The coloration of several nemertean worms is due to the

presence of haemoglobin in the epidermis and in the blood.

3. In certain nudibranchs (Chromodoris zebra) and

cephalopods, pigments are found in the blood-stream which

are identical with the epidermal pigments. There is strong

evidence that the pigments of the blood-stream of the Mol-

lusca owe their origin to the chlorophyllous substances taken

in as food.

4. The lipochromes of annelids are derived from food

substances, being absorbed into the blood-stream and trans-

ported to the epidermis. Annelid haemoglobin is found both

in the blood and in the epidermis.

5. The enterochlorophyll found in the liver of many crusta-

ceans and molluscs is of vegetable origin. There is evidence
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that it is the base from which the animal synthesizes many other

of its pigments, including haematin.

6. The red lipochrome of the blood and the chromatophores

of crustaceans are derived from carotin, a pigment associated

with chlorophyll (found also in the liver). Carotin and the red

lipochrome of crustaceans are chemically identical (Verne).

7. Many pigments of insects are modified chlorophylls derived

directly from the chlorophyll of the food (Poulton).

8. The pigments of the tunicates are found first in the blood-

system. The pigmented cells arise, while in the circulation,

from unpigmented corpuscles, and certain of the pigment cells

which arise in this way are subsequently deposited in the test.

9. Strong evidence exists that the respiratory pigment haemo-

globin is derived both phylogenetically and physiologically from

chlorophyll.

I cannot close this paper without mentioning my great

indebtedness for advice and inspiration to Professor Benjamin

Moore whose recent untimely death will be most keenly felt

in America as well as in England. He more than any one has

helped to clarify the perplexing question of the relation which

chlorophyll bears to the protoplasmic system of plants and

animals.
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Further observations on Chromosomes and Sex-

determination in Abraxas grossulariata.

By the late

Professor L. Doncaster, F.R.S.,

University of Liverpool.

The following paper was left by the late Professor Doncaster

in an incompleted condition, and, as I was one of his assistants

during his last year's work, it has been entrusted to me to

prepare for publication.

The paper as it now stands is exactly as Professor Doncaster

left it, except that I have added the account of the staining

methods used to test the nature of the elimination plate. I was

familiar with his staining methods because I was myself testing

for chromatin in some entirely different work when Professor

Doncaster was testing the elimination plate, and he kindly

passed on all his stains to me as he used them, showed me
his preparations, and discussed the whole matter with me.

In his rough notes I find a full account of all the stains used,

and carefully labelled figures showing the results obtained from

the different staining methods : there is, therefore, no uncer-

tainty about the facts which I have added.

A summary of the paper included amongst Professor

Doncaster 's rough notes shows that he intended to add three

other sections on ' Conjugation, &c., of polar nuclei ',
' Binu-

cleate eggs ', and ' Gynandromorphs '. These sections were

unfortunately not written even in note form, and therefore

cannot possibly be produced ; but the paper as it stands is

of such obvious interest that its publication even in this very

incomplete form is more than justified.

EUTH C. Bamber
(Mrs. Bisbee).

NO. 263 F f
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Further Observations on Chromosomes and Sex-

determination IN Abraxas pjrossulariata.

In a previous paper (' Journ. of Genetics', iv, 1914, p. 1)

I described the inheritance of a tendency to produce families

consisting chiefly or entirely of females in Abraxas g r o s s u-

lariat a , and attempted to correlate it with the behaviour of

the chromosomes. It was found that females of the strain in

which unisexual families occurred have fifty-five chromosomes

as the somatic number, while all males and most other females

have fifty-six. In the maturation of the fifty-five-chromosome

strain, twenty-eight chromosomes travel to one pole of the

first polar spindle and twenty-seven to the other. Since all

spermatozoa were found to have twenty-eight, it seemed

evident that eggs with twenty-seven must be female-determin-

ing, since the union of an egg having twenty-seven with a sperm

having twenty-eight would give fifty-five, the number found in

females of the strain in question, while eggs with twenty-eight

meeting sperms with twenty-eight would give the fifty-six found

in the male. Evidence was also given that in families in which

great excess of females was produced, a majority of the eggs

matured in such a way that twenty-eight chromosomes were

extruded in the first polar nucleus, and twenty-seven remained

in the egg-nucleus, and it was therefore inferred that the

condition in some families, in which only females were produced,

was caused by the invariable extrusion of the twenty-eighth

chromosome in the polar body, leaving all eggs with only

twenty-seven, and therefore female-producing. This hypothesis

was supported by the observations of Morgan on Phylloxera,
in which one chromosome is always extruded in the polar body

of male-producing eggs, although it is already determined in

some other way that these eggs will become males.

When the paper referred to was published, I had been able

to obtain no completely conclusive evidence that in families

consisting wholly of females all the eggs had only twenty-seven

chromosomes in the egg-nucleus, and I spent the next two

seasons in collecting material which it was hoped would give
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an unequivocal result. The method adopted was to pair

females belonging to all-female families, allow them to lay

eggs as far as possible mider observation, and to preserve the

first 50 or 100 eggs at an age (about two hours) when the

maturation-divisions would be in progress. The moths were

then allowed to continue laying, the eggs counted, and reared

either to the imago or to larvae in which the sex could easily

be determined by dissection. 8ome of these families produced

both sexes, others either females only or females in great

excess. The preserved eggs of families which proved all-female

were then sectioned, and counts made of the chromosomes in

the polar division-spindles.

By the summer of 1915 I had already enough material to

show that the hypothesis put forward in the 1914 paper was

almost certainly incorrect, and since work in connexion with

the war prevented the immediate continuation of the investiga-

tion I published a preliminary note in a letter to * Nature
'

(June 10, 1915) in which I wrote as follows :
' I have now

examined the eggs of several such families [i. e. all-female

families], and find, contrary to expectation, that the equatorial

plate of the inner spindle contains twenty-eight chromosomes

about as frequently as twenty-seven. The new material con-

firms the observation that twenty-seven occur in one spindle

and twenty-eight in the other, but it seems to make it certain

that the presence of twenty-eight chromosomes in the inner

spindle does not necessarily cause the production of a male

—

at least in the strain which produces all-female families. A
possible explanation of the anomaly is that in all-female

families a chromosome is eliminated at a later stage, but at

present I have no direct evidence for this.'

From that time to the summer of 1919 the work was inter-

rupted, but enough material had been collected to provide

the required observations, and examination of the sections

confirms the account shortly given in the letter quoted. There

are two questions at issue : (1) whether the all-female families

are so because all the fertilized eggs are truly female, or whether

they arise through non-viability of male zygotes ; (2) if all

F f 2
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zygotes in such familios are female, whether the egg-nuclei

before fertilization contain always twenty-seven chromosomes,

or sometimes twenty-eight.

Evidence that All-female Families are not Caused

BY Non-viability of Male Zygotes.

In the earlier papers a number of families were recorded in

which considerably over half the eggs were reared either to

imagines or to larvae in which the sex was definitely deter-

minable, but there still seemed some slight chance that all-

female families might arise through death of male zygotes

at an early age. This, however, seems to be definitely excluded

by the results of later experiments, as is shown in Table I,

which gives a list of the all-female, or almost exclusively

female families in which at least two-thirds of the eggs were

reared to larvae or adults of ascertainable sex.

Family,

1912.1 . .
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The evidence just given seems to prove beyond the possibihty

of reasonable doubt that all zygotes in the all-female families

are female, and that these families do not arise by the death

of male zygotes. The problem then presents itself whether

all eggs of these families before fertilization contain twenty-

seven instead of twenty-eight chromosomes. In the letter to

' Nature ' referred to I announced that I found evidence that

this was not so, and further work has contirmed this conclusion.

In 1914 I preserved eggs from four pairings, of which the

eggs subsequently laid yielded only females. The data with

regard to these families are as follows, excluding the eggs

preserved for microscopic examination :

No. of



402 li. DONCASTBR

In iht' iniuT spindlu 27, outer not countable—one case

recorded as ' good '.

In the inner spindle 28, in the outer 27—three cases recorded

as ' good '.

In the inner spindle 28, in the outer 27—four cases recorded

as ' probable '.

In the inner spindle 28, outer not countable—one case

recorded as ' good '.

In the outer spindle 27, inner not countable—one case

recorded as ' good '.

Total, seven cases with the inner spindle containing 27, five

of these being ' good ' cases in which there is no reasonable

doubt as to the number, and nine cases, in which the inner

spindle has 28, four of these being ' good ' cases.

14.22. The counts were less satisfactory ; they gave three

cases in which the inner spindle had 27 or the outer 28,

and five in which the inner had 28 or the outer 27, but in

only one could both inner and outer be counted with con-

fidence in the same egg ; in this egg the inner spindle had

28 and the outer 27.

14.28. In the inner spindle 27, or the outer 28—four cases

(three in which both plates could be counted with fair

certainty).

In the inner spindle 28, or the outer 27—four cases (one

countable in both plates).

14.29. In the inner spindle 27, or the outer 28—thi-ee cases, in

two of which both inner and outer plates were countable

with fair certainty.

In the inner spindle 28, in the outer 27—one case (fairly good).

Although the number of ' good ' counts in which the chromo-

somes could be counted with confidence in .both inner and outer

spindles is not large, some of them, especially in family 14.9,

are so certain that no doubt can remain that in many eggs of

all-female families the inner spindle contains twenty-eight

chromosomes, and adding up all counts in the four families

we get seventeen cases in which the inner spindle had twenty-
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seven (or the outer twenty-eight) and nineteen with the

converse arrangement. In the bisexual family 14.35, in which

15 o^o^ and 19 $? were reared from forty-six eggs, four eggs were

found in which the inner spindle had twenty-seven, the outer

twenty-eight chromosomes, and four with the converse arrange-

ment (all ' good ' counts including both spindles of each egg),

so it does not appear that the all-female families have twenty-

seven in the inner spindle with any greater frequency than in

bisexual families of the same stock.

It seems evident from the facts given above that the deter-

mination of sex in the fifty-five-chromosome strain of Abraxas
grossulariata does not depend on the passage of the odd

chromosome to one or other pole of the first polar division.

At the same time, since females of this strain have fifty-five

chromosomes in their diploid nuclei and males have fifty-six,

a chromosome must be eliminated at some stage from those

eggs in which twenty-eight travel to the inner pole of the first

polar spindle. Attempts to find a chromosome which does not

divide in the second maturation division have not been success-

ful, and it seems clear that the elimination does not occur at

that stage. Only two possibilities remain : either a chromo-

some is eliminated at some division after fertilization—pre-

sumably the first segmentation division, or the odd chromo-

some must degenerate so that the twenty-eight chromosomes

present in about half the eggs at the inner pole of the first

polar spindle are reduced to twenty-seven by the degeneration

of one of them. Neither possibility seems likely on general

grounds, but there are some facts which make the hypothesis

of the degeneration of a chromosome less entirely improbable

than would appear at first sight. These, will be discussed in

the next section. With regard to the hypothesis of the elimina-

tion of a chromosome in the first segmentation division, I can

only say that I have not succeeded in obtaining figures in which

the chromosomes in this division can be accurately counted
;

in the few segmentation divisions present in my material the

chromosomes tend to become aggregated into small groups,

apparently of two or three, so that counts give numbers not
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much greater than the haploid complement (twenty-eight).

Probahly mitotic iigm'es embedded deeply in the yolk are fixed

less rapidly than the maturation mitoses near the surface of the

egg, with the result that observations on the number and

behaviour of the chromosomes in the segmentation divisions

become untrustworthy.

' Chromatin Elimination ' in the Maturation Divisions

OF the Egg.

In my 1914 paper ^ I mentioned that ' during the first polar

division, a mass of granules which stain deeply with iron

haematoxylin is left in the equatorial plate as the chromosomes

travel to the poles ' (fig. 14 of that paper). No further investiga-

tion was made at the time on the nature or mode of origin of

these granules, but in a paper published almost simultaneously ^

Heiler describes them in considerable detail in the eggs of the

moths Phragmatobia fuliginosa, Orggia antiqua,

L y m a n t r i a m o n a c h a , and L . d i s p a r . He gives

evidence that these granules are separated from the chromo-

somes in the early anaphase of the first polar division, and

maintains that in favourable cases it is possible to see that

each chromosome, as it divides, leaves behind on the equator

of the spindle a chromatin mass which for a time at least

preserves its identity, so that in sections of a mitosis in anaphase

cut at right angles to the axis of the spindle it is possible to see

three plates each containing the same number of chromatin

bodies similarly arranged—the two anaphase groups of chromo-

somes and between them an ' elimination plate ' consisting of

chromosome-like bodies having the same number and arrange-

ment as the chromosomes in the true chromosome plates.

Careful search among my preparations—both old ones and new

sections made for the purpose—has not revealed the existence

of plates with such definite, chromosome-like granules in

Abraxas, but in other respects my sections, when stained

* Doncaster, L., ' Journ. of Genet.', 1914, p. 1.

2 Seller, J., ' Archiv fiir Zellforschung.', xiii Band, 2. Heft (p. 159).

Leipzig und Berlin, 1914.
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with iron haematoxylin, give very nearly the same series of

figures as are represented by Seiler. I have a few cases in

very early anaphase (just after metaphase) in which each

chromosome seems to be leaving behind, as its halves diverge

on the spindle, a mass of staining substance (cf. Seller's figs. 19-

22), and in later anaphase there is always an equatorial plate

of staining granules lying across the middle of the spindle.

Not infrequently these granules are elongated, so as to appear

like short threads, and some or all of them seem to lie on or

in the spindle fibres. Towards the end of the anaphase they

generally form a plate of fine-stained dots, of varying size,

and always more numerous than the chromosomes, as if

they had become broken up and scattered. During the

second division they sometimes become aggregated into a

sort of network (cf. Seiler 's fig. 35), or they may apparently

have become more finely divided and comparatively incon-

spicuous.

Like Seiler, I find great variation among different polar

mitoses in respect of the amount of this eliminated substance.

In some spindles there is a dense equatorial mass, staining with

iron haematoxylin almost as deeply as the chromosomes

around the poles. In others the granules are much less con-

spicuous, in others again so few and small as hardly to be

noticeable. The amount of staining matter in the ' elimina-

tion plate ' varies in different eggs of the same female, and even

in eggs mounted on the same slide, though on the whole it is

more abundant in the eggs of some females than in those of

others. It is important to notice, however, that the apparent

amount varies with depth of staining, and when sections of

several eggs are mounted together on a slide it may happen

that some spindles are fully washed out, so that the chromo-

somes alone remain clearly stained, while a spindle in a neigh-

bouring egg may retain so much stain as to be useless for the

study of chromosomes. This variability probably arises from

differences of fixation due to variation in the penetrability of

the egg-shells to the fixative, and therefore it is not impossible

that the variation in the apparent amount of eliminated sub-
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stance may be in part at least due to the technique of fixing

and staining.

iSeiler has no doubt that the stained matter in the ehmina-

tion plate is chromatin, and reviews the literature of maturation

divisions of insect eggs, and also such examples of chromatin

elimination as those seen in the segmentation of As car is

and Miastor, in order to discuss the significance of the pro-

cess. He does not, however, discuss at all fully the question

whether the substance eliminated is in fact chromatin, or if

it is, whether it is of the same nature as the chromatin of the

anaphase chromosomes. His account of his staining methods

is meagre
—

' (iefiirbt wurde vorwiegend mit Heidenhains

Eisenhamatoxylin und Kontrollfiirbungen wurden mit Kern-

farbstoff(3n vorgenommen. Als Plasmafarbstoff verwendete

ich S.-Fuchsin ', Unless the elimination process is in reality

an artefact, which seems very unlikely in view of the almost

invariable presence of staining granules in the equator of the

spindle and the definite manner in which they appear to be

left behind by the diverging chromosomes, it appears to be

of considerable importance to determine the true nature of the

eliminated substance, for if it be chromatin, it seems not

impossible that the process may supply the clue to the anomaly

presented by the presence of twenty-eight chromosomes in

eggs which nevertheless vield females. If the chromosomes

do in fact leave behind on the polar spindle a considerable

part of their substance, it is at least conceivable that the sex-

chromosome, in the eggs of all-female broods, eliminates so

much that it becomes functionless as regards sex-determination,

and that, having lost so large a part of its substance, it ceases

to function and disappears, so that in the oogonia only fifty-

five instead of fifty-six can be counted. With the object of

determining whether the elimination plate does or does not

consist of chromatin I stained eggs with a number of com-

binations of stains, the more important of which were as follows :

^

[All the sections used had been previously stained with iron

haematoxylin and were decolourized with acid alcohol.]

' Professor Doncaster"s manuscript ends here.
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I. Ehrlich's Triacid Stain.

Sections were immersed for eighteen hours in the stain,

blotted, and passed through absohite alcohol and xylol into

balsam. The chromosomes and the elimination plate were

stained purple, the surrounding protoplasm brown.

II. Safranin and Lightgreen.

Sections were placed in safranin for from twelve to twenty-

four hours, followed by lightgreen for one to two minutes.

The chromosomes were stained a bright red, the elimination

plate a lighter red in some cases and in others green with

a distinct admixture of red. The spindle-fibres were green.

Both the above methods gave very clear results which strongly

suggest that chromatin was present in the elimination plate.

III. Mann's Methyl Blue Eosin.

Sections were stained for a few minutes only. This method
gave very erratic results. In most cases the spindle-fibres

were blue, but whereas in some sections the chromosomes

and elimination plate were also blue, in others the chromosomes

were purple and the elimination plate red ; and in others again

the chromosomes were red with a bluish tint here and there,

and the elimination plate purple.

In spite of the varying results obtained with this stain it

is clear that in any given section there is a very close corre-

spondence between the chromosomes and the elimination plate.

IV. Ehrlich's Haematoxylin.

Sections were stained for eighteen hours with Ehrlich's

haematoxylin, differentiated for from one to two minutes in

acid alcohol, washed in 70 per cent, alcohol and counterstained

with eosin in 90 per cent, alcohol for about one minute. The
spindle-fibres always stained pink, the chromosomes were

usually black, and the elimination plate pink with grey dots
;

sometimes, however, the chromosomes were a bright pink and

the elimination plate a paler pink, and at other times the

chromosomes and the elimination plate were purple.

Here again, as with Mann's methyl blue eosin, the chromo-
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somes and the dlimiiiaiiou plntf; in any given section corre-

spond very closely in their staining properties, although in

ditferent sections very different results were obtained from the

same combination of stains.

V. Jjorax Carmine and Picro-indigo-carmine.

Sections were stained in borax carmine for forty-eight

hours, followed by picro-indigo-carmine for ten minutes.

The chromosomes were found to be dark red, and the

elimination plate and spindle-hbres yellowish. Although this

method did not appear to give support to the view that

chromatin is present in the elimination plate, it does not

disprove that hypothesis, for in some sections even the chromo-

somes themselves were barely stained with the carmine, so

that it is not surprising to find the elimination plate unstained

even though it may contain chromatin, for this eliminated

chromatin would almost certainly be undergoing disintegration.

In sections stained by other methods as given above, it was

not unusual to find that the elimination plate was unstained,

even though it had previously stained deeply with iron haema-

toxylin.

These staining experiments, although not conclusive, give

a considerable weight of evidence in support of the hypothesis

that there is a certain amount of chromatin left behind, on

the equator of the spindle, by the chromosomes when they

move apart at anaphase. If this be true ' it is at least conceiv-

able that the sex-chromosome, in the eggs of all-female broods,

eliminates so much that it becomes functionless as regards

sex-determination V ^i^d that here may lie the explanation of

the production of all-female families from eggs some of wliich

contain twenty-seven and others twenty-eight chromosomes.

From conversation with Professor Doncaster, as well as from

his own argument in this paper, I know that this was the

conclusion at which he himself had arrived.

E. C. B.

' p. 406.



The Infra-cerebral Organs of Peripatus.
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Attached to the ventral surface of the supra-oesophageal

ganglion of Peripatus and hanging therefrom are two small

vesicles. They were discovered as far back as 1853 before

Peripatus was regarded as an Arthropod, and Grube, their

discoverer, considered them to be auditory organs (8).

In 1883, Balfour, in his classical description of the anatomy

of Peripatus capensis(2), described the structure of these

vesicles, and after a statement detailing their shape and

position added that each consisted mainly of ganglion cells.

He continued with the following words :
' In its interior is

a cavity with a distinct bounding membrane. ... At its free

end is placed a highly refractive, somewhat oval body, probably

forming what Grube describes as a dark spot, half embedded

in its substance, and kept in place by the sheath of nervous

matter surrounding it. It is difficult to offer any interpretation

of the nature of this body. It is removed considerably from

the surface of the animal, and is not, therefore, so far as I can

see, adapted to serve as an organ of hearing.'

Three years after the appearance of Balfour's paper. Kennel

(11) followed the development of the infra-cerebral vesicles and

discovered that they were apparently homologous with certain

groups of cells situated between the legs—and known as

the ' ventral organs ' (see Text-fig. 1).

This was confirmed by Sedgwick (15) in 1888, and the
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discovery has very considerably modified the views of the

function and meaning of the infra-cerel)ral vesicles.

If any definite theory of the function of these structures

can be said to be generally accepted, it is that they represent

the ectoderm from which the nervous system arose in the

embryo, and in a recent paper by Duboscq the suggestion is

made that the infra -cerebral vesicles remain, even in the adult

stage, structures for the renovation or increase in size of the

supra-oesophageal ganglia. Cells are supposed to be cut off

from the vesicle colls and to migrate into the ganglia, there

to become either new nerve-cells or supporting cells.

Text-fig. 1.

vo

Peripatoides occiden talis: section of so-called ventral

organ, vo ; c, cuticle ; E, ectoderm ; M, muscles of body-wall

;

s, strand connecting ventral organ with lateral nerve-cord.

The present note has been written because in several of

our best preparations from the head of Peripatoides
occidentalis, Dendy, of Western Australia (5), the histology

of the organs in question is not the same as that illustrated by

Duboscq (6). And a little more may be said in explanation of

the presence of these curiously definite structures.

According to Duboscq (who examined Opisthopatus
cinctipes, Purcell) one can distinguish in these organs two

distinct regions, (a) the vesicle, (b) the ganglion intermediare.

The latter is the part which former writers have called the stalk

or peduncle of the vesicle. The term ' ganglion intermediare
'

is unsuital^le, especially since it appears that Duboscq himself



INFRA-CEREBRAL ORGANS OF PERIPATUS 411

is not sure whether the cells of this part are nerve-cells or

merely supporting cells.

There is nothing that might be termed the ganglion inter-

mediare in Peripatoides occi den talis (Text-figs. 2

and 3).

The vesicle is described by Duboscq as containing nothing

within the cavity but serous fluid, there being no refringent

oval body of the kind referred to by Balfour. (Unfortunately

Balfour's figure gives no idea of the histology of the infra-

cerebral vesicles.) Now we have found occasionally that

Text-pig. 2.

Infra-cerebral vesicle, with enclosure, from adult Peripatoides
occidentalis. x 530. g, ganglion ; v, infra-cerebral vesicle.

bodies do occur within the cavity, reminding one of Balfour's

description, and the Text-fig. 2 is from the best preparation

of this character. It is part of a transverse section through the

head. The striicture is referred to below.

The infra-cerebral organs appear in dissections to hang from

the supra-oesophageal ganglion by short stalks. In sections,

however, they appear more closely attached. The difference

in appearance is due to the transparency of the suspending

membrane which is the structureless, almost non-staining,

sheath of the ganglion. In Peripatoides occidentalis
there is generally a region that one might term the peduncle,

within which are a few scattered nuclei and a small number
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of delicate fibre-like strands. They might be nerve-fibres or,

on the other hand, merely processes of non-nervous cells.

In young and small Peripatoides (Text-fig. 3) the conditions

are somewhat different, however, and the walls of the vesicles

are not so distinctly separated from the cerebral ganglia

(see Text-figs. 2 and 3).

In the adult the infra-cerebral vesicle is covered by the

neurilemma or sheath of the supra-oesophageal ganglion, and

Text-fig. 3,

Infra-cerebral organ from young Peripatoides
occidentalis. x 400.

this layer almost cuts it off from the latter. According to

Saint-Remy (14) and Duboscq (6) the sheath is pierced by

numerous pores, through which bipolar cells are to be seen

migrating into the brain. This is hardly the case in the adult

Peripatoides, as the figure shows. There are only a few fibres

passing from the vesicle into the supra-oesophageal ganglion

and but a few nuclei occur here and there.

The cells of the vesicle itself are not of the same depth

throughout. Ventrally the walls are thin whilst laterally they

are thick, and the cells are slender, so that the nuclei lie at

different levels. The nuclei resemble closely those of the

ganglion cells of the brain mass.
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The cavity of the vesicle is most usually empty, but some-

times contents are present, and the most conspicuous example

of this kind has been figured (Text-fig. 2). In this specimen

there is a non-granular mass surrounded by a number of

concentric lamellae—almost like a decalcified concretion. The

occasional presence of an enclosed body is very interesting.

Text-fig. 4.

Diagram illustrating development of infra-cerebral vesicles in

Peripatus occiden talis.

At first it was thought to be due to fixation, but there is no

reason to believe that such is the case. Evidently the vesicle

cells may sometimes secrete into the central cavit3^ Thus

a feature recorded by Balfour has again been found and

in another species. The few writers who have mentioned

the infra-cerebral vesicles since the date of Balfour's paper

seem to have doubted its occurrence. No cilia are found within

the vesicle nor is there any very definite lining membrane.

NO. 263 G g
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The development of these infra-cerebral vesicles is now

well known, l^liey arise as invaginations of the ectoderm (Text-

fig. 4) which is concerned in the formation of the supra-

oesophageal ganglia, and at first they are open to the exterior

(to the buccal cavity or near it), so that at this stage the supra-

oesophageal ganglia possess cavities which are open below.

The cavities become closed and then, whilst increase in size of

the ganglia takes place, they remain almost of the original size

(a slight decrease takes place if anything), and the surrounding

cells, which are indistinguishable from the ganglion cells,

become separated and pinched off from the brain mass, until

finally two small distinct vesicles lie appended as we have seen.

The diagrams illustrate how this takes place.

One other feature of considerable importance remains to

be stated. In the adult one may occasionally find cells in the

infra-cerebral body undergoing mitotic division. This was first

described by Duboscq. We find, however, that the number is

much reduced as the animal becomes larger, and they are only

occasionally found in the full-sized specimens. In the small

Peripatus, not long born, they are more numerous (see Text-

fig. 3). It may be stated here that the same feature is to be met

with in the so-called ventral organs (Text -fig. 1). This fact

has not been recorded before and it completes the resemblance

between the -ventral organs and the infra-cerebral ve.sicles.

There can be little doubt of their homology.

Discussion.

The infra-cerebral vesicles of Peripatus were once con-

sidered to be sense organs concerned in hearing. Probably this

was by analogy with the little vesicles often found close to the

supra-oesophageal ganglia in the Polychaets and certain other

Invertebrata and once termed Otocysts. Thev are now usuallv

regarded as Statocysts or organs of orientation. Duboscq

concludes, however, that in Peripatus the}' are not sense

organs, nor glandular structures, but that in the adult as well

as in the embryo they are organs for the production of either

nerve-cells or neurogloea cells (supporting cells).
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The vesicles known as statocysts or otocysts in the Inverte-

brates are still of questionable function in many cases. This is

particularly so in the case of certain Nemertines (Metanemer-

tines) (3), where the walls of the vesicles are surrounded by the

ganglion cells of the brain mass and no cilia are present. In

fact they are not unlike the infra-cerebral vesicles of Peripatus.

On the other hand, in Molluscs such as Pterotrachea, where

each statocyst contains a statolith supported on bunches of

cilia, the circumstances are altogether different, as experiment

has shown. Amongst Polychaet worms statocysts are known

in Sabellidae, some Terebellidae, Arenicola, Aricidae, and some

Alciopidae. In some cases cilia are found within the vesicles,

and statoliths are present (either secreted, or consisting of

sand grains from the exterior). In the Arenicola species,

however, the state of development of the ' statocysts ' varies

within very wide limits and it is difficult to express any opinion

about the function of these organs. They appear to develop

from invaginations of the ectoderm, but there is not the close

connexion with the development of the cerebral ganglia which

is so characteristic of Peripatus. Are these vesicles homologous?

It is interesting to look at the condition of things amongst

the Tracheata.

In none of the Tracheata do the organs of orientation take

the form of statocysts associated with the supra-oesophageal

ganglion. But in the development of the supra-oesophageal

ganglion of the Myriapoda it is certainly very striking that pit-

like depressions occur on the ventral surface which afterwards

become closed vesicles and later disappear (10). The same

thing is true of the Insecta and Arachnida (1 and 12).

In the Crustacea there is, so far as I am aware, no evidence

of pit-like depressions of this kind during development. Stato-

cysts are found, but these are not at all homologous with the

organs we are considering and occur in very different situations.

Curiously enough, there is a striking exception. Thus, according

to Claus (4), two otocysts are found connected with the cerebral

ganglion in certain Amphipoda—the Platyscelidae. The

same author mentions two vesicles as of similar function in the

G g2
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brain of a Copepod

—

Eucalanus attenuatus (Dana),

but Esterly (7) considers these to be optical in function and

apparently their structure is quite different from that of the

other brain vesicles we have dealt with.

We would suggest, therefore, that the infra-cerebral vesicles

of Peripatus are homologous with the cephalic pits of other

Tracheate embryos. In these cases the pits become closed

off, the walls become parts of the cerebral ganglion, and the

cavities disappear altogether. In Peripatus, on the other

hand, the vesicles remain, but they are gradually constricted

off from the rest of the supra-oesophageal ganglion. The adult

condition in Peripatus is, then, an embryonic stage in the

Myriapoda. In the adult it is probable that the infra-cerebral

vesicles serve no special function—they are not really ' organs
'

at all—they may still be regarded as parts of the supra-oesopha-

geal ganglion. Possibly their wall contains a few ganglion cells

from which fibres pass into the deeper parts of the brain mass.

The occasional presence of bodies within the cavity is interesting,

but this suggests nothing more than the ectodermal origin of the

cells of which the vesicle is composed, and the tendency for

the secretion of a chitinous cuticle.

In the earlier stages before growth is complete this portion

of the supra-oesophageal ganglion retains some of its former

power of growth and continues to give rise to cells by division

(as observed by Duboscq), but it is not a special organ for this

purpose and loses its function in the adult.

Whether this character, apparentlycommon to the Tracheates,

is homologous with the statocysts found occasionally in the

worms is another matter—quite impossible as yet to decide.

It has been affirmed, however, that in certain Annelids (Lopado-

rhynchus) the supra-oesophageal ganglia develop in connexion

with ciliated pits, which degenerate somewhat afterwards (13).

This is very suggestive.
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Facts concerning the process of fertilization and of artificial

parthenogenesis have steadily accumulated during the past

thirty years, and although numerous suggestions have been put

forward as partial explanations of this imposing mass of experi-

mental evidence, yet there are only two theories which claim to

give an adequate picture of even a majority of the known facts.

These theories we owe to J. Loeb (24) and to F. E. Lillie (20).

According to Loeb, the activation of an unfertilized egg is

effected by the introduction into the egg of two substances,

(i) a specific cytolysin, which brings about the destruction of

the surface layer of the egg, and (ii) a substance which limits

or controls the destructive influence of the cytolysin. On the

other hand, Lillie holds that the union of the egg and sperma-

tozoon is only possible in the presence of a specific substance

or fertilizin which is secreted by the unfertilized egg ; if all

three elements are present fertilization and normal develop-

ment take place.

Loeb's theory is based upon the facts of artificial partheno-

genesis ; Lillie's theory is based upon the behaviour of the

normal gametes. It is not surprising to find that each theory

encounters its chief difficulties when confronted with the facts

which constitute the main argument of its rival. Both theories

are essentially chemical, although the door is left open, at rare

intervals, to the intervention of physical factors. In 1915 (8)

I suggested that although the theories urged by E. S. Lillie (21)
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and by McClendon (25) were inadequate, yet the facts appeared

to indicate that the activation of the egg, by a spermatozoon,

or by artificial parthenogenetic agents, was essentially a physical

rather than a chemical process. It now seems possible to put

forward a more comprehensive scheme.

The activation of a resting cell, by contact with another cell

in a state of activity, is not limited to the reproductive cells.

All contractile cells exhibit the same phenomenon ; if localized

fibres at tlie surface of a large muscle are stimulated, the whole

of the muscle is rapidly thrown into a state of activity ; the

ciliated combs of Pleurobrachia illustrate the same fact

(Gray, 10) ; also cells in contact with each other usually divide

at the same moment. There can be no doubt that such

co-ordination of activity is due to the responsive cells them-

selves, and is not due to any nervous or controlling influence.

Thus spermatozoa in contact with each other rapidly acquire

a synchronous rhythm ; similar examples are readily found

in the case of ciliary or muscular elements.

There can be but little doubt that the influence of one cell

upon the activities of its neiglibours has a very profound

bearing on the behaviour of the animal as a whole. There is,

however, no reason to regard such co-ordination as essentially

vital, since a ready parallel is found in inorganic systems.

Ostwald (27) found that when a strip of chromium was placed

in hydrochloric acid the hydrogen was evolved at regular

periods ; each period of activation was followed by a period of

inactivity. This periodic condition of activity and inactivity

was quite regular for each strip of metal : different strips of

metal were, howe\'er, characterized by periods of different

length. If several such strips are placed in a bulk of hydro-

chloric acid, the periodicity of each strip exhibits itself ; if,

however, the strips are in contact with each other then all the

strips exhibit the same uniform periodicity. The activation

of a passive atrip of iron by contact with an active piece of the

same metal has been discussed by E. S. Lillie (23), and has

a close bearing on the present problem.

The activation of a passive cell or metal by contact with an
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active unit is invariably accompanied by an electrical disturb-

ance ; and there seems good evidence for the belief that the

electrical change is the essential condition of activity. When
an inactive unit comes into contact with an active unit, an

electro-motive force is established between the two ; the active

unit is electro-negative to the inactive unit, and if activation

of the latter occurs, the state of negativity is not restricted to

the region of contact but spreads from it all over the originally

inactive surface. Such facts are, of course, well known in the

case of fibres in the same muscle, but Kiihne (18) showed that

the action current of one muscle could stimulate another muscle

if the two were in close electrical contact. Now the E.M.F.

set up between two cells in contact depends on, and is an expres-

sion of, the difference in the activity of the two units ; the

greater the difference in activity the greater is the E.M.F. set

up on contact.

In the opinion of the writer an application of the above

principles to the problem of fertilization is not without value.

In the unfertilized egg metabolic activity is reduced to a

minimum, and unless fertilization takes place the cell dies with-

out any recovery from its inert condition. The spermatozoon,

on the other hand, is radically different : it is exceedingly

active and metabolism proceeds at a rapid rate (Cohn, 3).

When the two cells come into contact it seems legitimate to

conclude that an E.M.F. will be set up between the two, and if

the conditions be right it is to be expected that some form

of activity will be induced in the inert egg. If the process of

activation be analogous to that of other cells, then the egg will

be activated whenever the E.M.F. set up by contact with

a spermatozoon reaches a certain minimum value in a minimum

time. It is, therefore, not surprising to find that a certain

minimum of activity on the part of a spermatozoon is necessary

for fertilization. Mobility and proximity of the egg are not

sufficient—a fact difficult to explain on any chemical concep-

tion ; there must be a definite and rather high degree of

activity on the part of the sperm, and this degree of activity

di-ffers between individual spermatozoa. Glaser (7) observed
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that th(' t'ggs of Arbacia punctulata can be activated

by means of highly active minute Infusoria. It is, therefore,

the degree of activity of the sperm which determines one condi-

tion of fertihzation and not its structure or chemical constitu-

tion.

Whereas the normal activity of a spermatozoon is usually

adequate for the activation of eggs of the same species, yet it

requires to be increased to an abnormal degree to fertilize the

eggs of another species. Now the activity of spermatozoa can

readily be controlled by the hydrogen-ion concentration of the

medium ((iray, 9), and correspondingly it is found that the

addition of hydroxyl ions removes the block which normally

exists between the eggs of Strongylocentrotus and the

sperm of Sphaerechinus. These and similar facts are

difficult to explain on the basis that fertilization depends on

the existence of specific chemical substances in the egg or sperm

(see Loeb, p. 204). They appear to the writer to be less formid-

able when subjected to physical arguments. According to the

present physical hypothesis, if it be mechanically possible for

the sperm of one species to gain contact with the egg of another,

then activation will take place if the E.M.F. set up between the

two cells reaches a certain critical value within a minimum
time. Consider two species, A and B. When normal fertilization

of egg A is effected by sperm A, let the E.M.F. be Ei and let

it be developed in unit time ; similarly when egg B is fertilized

by sperm B let the E.M.F. at contact be E2. Let Ei > E2

;

then when egg B comes into contact with sperm A, the E.M.F.

will probably be more than enough to activate the egg ; when

egg A comes into contact with sperm B, no activation will

occur unless the activity of the sperm is artificially increased,

since otherwise the requisite E.M.F. will not be reached. Such

irreciprocal hybridizations have already been mentioned and

are by no means uncommon [see Vernon (28), Doncaster (5)].

Further, the conditions which affect the ease ^vith which

hybridization can occur are such as support the view that

some such physical factors are involved, e. g. seasonal variation

of gametes, degree of maturity, staleness or freshness of gametes,

i
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hydroxyl ions, dilution of sea-water, &c. It is exceedingly-

difficult to apply the chemical conceptions of Loeb or of

Lillie to such facts. It is obvious that the self-sterility of the

gametes of Ciona can also be analysed by a similar physical

argument to hybridization.

Under normal conditions only one spermatozoon enters an

egg. In view of the very large number of spermatozoa which

may be in the immediate vicinity of the egg-surface at the

moment of fertilization, it is almost inconceivable that any

chemical change could be set up, and carried to a conclusion

between the time that two successive spermatozoa touch the

egg. Neither Lillie nor Loeb has offered what would seem to

be a reasonable explanation of monospermic fertilization.

Once more, the facts appear to be amenable to physical treat-

ment. Assuming that the rate at which an electrical change

can travel round the egg is approximately that at which

it travels along a piece of smooth muscle then within 0-00001 sec.

after the effective spermatozoon has made its contact with the

egg, no other spermatozoon will have any effect : if, however,

the eggs are treated in such a way as to reduce the rate of pro-

pagation of an electrical disturbance, e. g. by incomplete

anaesthesia (cf. nerve or muscle), then the wave will not pass

completely over the egg before other spermatozoa can effect

contact with unaffected portions of the egg-surface, and poly-

spermy will result. Hertwig (17) showed that unfertilized eggs

treated with chloral hydrate and other anaesthetics were

markedly polyspermic.

The first visible sign that fertilization has occurred, is at

the surface of the egg. In the case of the echinoderm or annelid

egg, fertilization is attended by the formation of a ' fertiliza-

tion membrane '. It must be remembered, however, that the

essential change at the egg-surface is completed long before

any visible change is possible. What is the nature of the

fertilization membrane '? In the case of the egg of Nereis
it seems certain (Lillie, 20) that this membrane is the vitelline

membrane of the unfertilized egg, which is pushed away from

the egg-surface by the disintegration and hydration of the
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egg-surface immediately under the vitelline membrane. In

the case of the echinoderm c^gg it seems probable that essen-

tially the same change takes place.

Many years ago Loeb (25) showed tliat the fertilization

membranes collapsed when placed in sea-water containing

albumen, and that on transference to normal sea-water the

membrane regained its normal spherical shape. He concluded

Text-fig. 1.

Diagram illustrating the origin of the fertilization membrane of

Echinus miliaris. A. Unfertilized egg. B. Fertilized egg.
ft. Zona pelhxcida containing an electro-positive colloid.

h. Vitelline membrane of unfertilized egg.

c, Fertilization membrane formed by the interaction of a,

and an electro-negative colloid, d, which is set free when h is

emulsified.

that the extrusion of the membrane was therefore due to the

existence of an osmotically active colloid (proteid) within the

fertilization membrane. Now the osmotic properties of such

a colloid are markedly affected by the presence of hydrogen

and hydroxyl ions ; hence, if Loeb's conclusion be correct,

the degree to which the fertilization membrane is extruded

should be altered by altering the acidity or alkalinity of the

sea-water. This is actually the case. If the water be made acid
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the membrane remains close to the egg ; the higher the

alkahnity the more water is absorbed and the farther out

is the membrane pushed.

Relative Extrusion

Ph. of Membrane.

9-2 .... . 121

7-6 (normal) ... 100
7-3 44
6-9 16

It seems tolerably clear, therefore, that the extrusion of

the fertilization membrane is due to the existence of an osmoti-

cally active electro-negative colloid between the egg-surface

and the fertilization membrane.

The origin of the fertilization membrane and of the enclosed

colloid is, however, more difficult to determine.

The relative impermeability of the unfertilized egg to water

and to all substances not soluble in oils or fats leads to the

suggestion that, like the protoplasmic surfaces of many cells,

the vitelline membrane contains a continuous lipoid phase.

Such a conclusion cannot be substantiated by direct experi-

mental evidence, but, if it be correct, then many facts receive

a reasonable explanation. It is, of course, well known that

the formation of the fertilization membrane can be brought

about by a great variety of artificial agents. Of these, the

simplest and most efficient are saponin, benzol, fatty acids,

esters, and soaps. All these substances are essen-

tially emulsifying agents for a lipoid surface in

contact with water. -^

Since the use of fatty acids is most commonly adopted as

a means of artificial membrane formation, it is interesting to

analyse their action in detail. The process is as follows :

(i) Unfertilized eggs are placed in 50 c.c. sea-water+1-5 c.c.

N/10 Butyric Acid for 1| mins.

(ii) They are then transferred to sea-water, containing

a minimum concentration of hydroxyl ions.

' And for this reason these substances in higher concentrations destroy

the normal protoplasmic surface of most cells : in other words, they are

also ' cytolytic ' agents.
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Whilst in the acid sokition no change, either visible or physio-

logical, takes place, apart from the fact that the acid rapidly

penetrates into the egg and can be detected by means of

indicators (Gray, 8). It may be noted that in such a solution

the activity of normally fertilized eggs is completely stopped.

No. ofc.c.
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There seems, therefore, reasonable grounds for beUeving that

the mifertiHzed egg is surrounded by a continuous lipoid film,

and that membrane formation occurs when this film is emul-

sified. When this occurs, liowever, we have seen that an electro-

negative colloid is liberated ; we must suppose, therefore, that

either (a) this colloid exists in the lipoid layer as a dispersed

phase or (h) lies immediately between the lipoid layer and the

protoplasmic surface.

We have still to determine the origin of the fertilization

membrane itself. Each unfertilized egg is surrounded by

a wide gelatinous zona pellucida : this substance appears to

be of a proteid nature—it is readily soluble in dilute acids, and

so we may infer that it is electro-positive. If the zona pellucida

is not removed before fertilization then the electro-negative

colloid set free when the lipoid layer of the vitelline membrane

is emulsified will come into contact with a colloid of opposite

electrical charge. Mutual precipitation must occur—and this,

it is here suggested, is the origin of the fertilization membrane.

If, however, the zona pellucida be removed prior to fertiliza-

tion, then no fertilization membrane is formed (McClendon, 25 ;

Gray, 8). Nevertheless the egg develops normally.^

The complete mechanism of ' membrane formation ' may
therefore be as follows :

The unfertilized egg is surrounded by two membranes—the

hyaline vitelline membrane, and the gelatinous zona pellucida.

The vitelline membrane consists of a continuous lipoid structure,

in which an electro-negative protein {d) [see Text-fig. 1]

exists in solution as a dispersed phase (or below the lipoid

structure is a layer of electro-negative protein). The zona

pellucida consists of an electro-positive protein. When the

continuous lipoid phase of the vitelline membrane is destroyed

by emulsification, the enclosed protein (d) comes into contact

' Since writing the above I have found that a similar conchxsion had been

reached by McClendon (see ' Internat. Zeit. fiir Phys. Chem. Biologie ',

vol. i, p. 163, 1914); although the eggs of Toxopneustes eTxamined

by this author appear to have the reverse charges on the respective colloids

when compared with those of Echinus, which were used by the present

writer.
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with the zona pellucida, i. e. with a colloid of opposite sign.

Mutual precipitation must occur, giving rise to the fertilization

membrane. This membrane is impermeable to the remainder

of the protein {d), which draws in water through the fertilization

membrane by osmosis. In this way the fertilization membrane

is extruded from the protoplasmic surface of the egg.

The evidence for such an analysis of membrane formation

is strong, (i) There is no doubt that the protein within the

fertilization membrane has an opposite charge to that of the

zona pellucida. (ii) If the zona pellucida be removed prior to

fertilization no fertilization membrane is formed, but the egg

is activated in a perfectly normal way, (iii) By micro-dissection

it can be shown that the fertilization membrane is much

tougher than any membrane possessed by the unfertilized egg.

It must again be emphasized that the essential act of activa-

tion is the emulsitication of the vitelline membrane, and not

the formation of the fertilization membrane or the extrusion of

the latter by absorption of water.

If the above analysis of ' membrane formation ' be accepted,

the question arises how can the spermatozoon act as an emulsify-

ing agent ? Loeb holds that the sperm introduces a specific

' cytolysin ' into the egg-surface. The evidence is, however,

against this view : (i) in order that artificial membrane forma-

tion may occur as quickly as a normal fertilization membrane,

fairly high concentrations of emulsifying agents are necessar}' :

it is quite impossible for one spermatozoon to introduce suffi-

cient quantities into the egg. (ii) Membrane-forming substances

are not in any way specific, whereas spermatozoa are markedly

so. The only alternative seems to be that the spermatozoon

emulsifies the egg-surface by a different means to that effected

by artificial agents. The action of the spermatozoon is at

first local, and evidence has already been put forward in support

of the view that its activating action on the egg is essentially

a physical process. The suggestion made is that the destruction

of the surface lipoid film is brought about by the spermatozoon

electrolytically. Thin lipoid films are, according to Hardy,

electrically charged, and are sensitive to the electric current.
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It seems likely, therefore, that a disturbance of the electrical

properties of the film will result in a loss in the stability of the

film. Such reactions are well known in the case of non-lipoid

films, e. g. in rhythmical catalysis (Bredig, 1), and in the activa-

tion of passive iron ^ (Lillie, 23).

Before passing on to the later stages of fertilization in the

echinoderm or annelid egg, reference must be made to the

activation of the eggs of Amphibia. There are two methods of

artificial activation, (a) by mechanical puncture, (b) by electrical

stimulation. These facts seem to indicate most clearly that

the process is essentially physical in nature. In the first case

the egg is subjected to an injury current with an inevitable

wave of negativity sweeping over the egg-surface. In the second

case the electrical disturbance is set up precisely as in the

stimulation of a muscle or nerve. The only difference is that

no recovery process ensues. It seems almost impossible to

harmonize these facts with the theory of Loeb, or with that of

F. Lillie.

The beautiful experiments of F. Lillie (20) enable us to be

quite sure that the changes induced in the echinoderm or

annelid egg by artificial ' membrane formation ' are precisely

those changes which are set up by contact of the egg with

a spermatozoon. Lillie showed that the cortical changes in

the egg of Nereis are completed on contact between the egg

and spermatozoon : if the latter be now removed by means

of the centrifuge, the eggs undergo a series of changes essen-

tially similar to eggs which have been activated by means of

artificial membrane-forming agents. Development of the egg

depends in each case on events which take place subsequent

to this phase. The whole process of normal fertilization

is divisible into two well-marked phases, (a) activation, due to

cortical changes produced by contact with the spermatozoon,

' The activation of an egg and a piece of passive iron appear parallel

phenomena ; and in this respect the activation of echinoderm eggs by
means of metallic silver (Herbst, 13) may warrant further mvestigation,

although it is not clear whether the metal or one of its salts is the activating

element.

NO. 263 H h
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{b) development, which usually depends on the exposure of the

egg to hypertonic sea-water. Let us now consider the second

or developmental phase of fertilization.

In the normally fertilized egg, the visible change which

attends the second phase of fertilization, consists in the inclu-

sion into the egg-substance of the head and middle piece of the

spermatozoon ; soon after this an aster appears in the vicinity

of the sperm-nucleus. Eventually the male and female pro-

nuclei, having approached each other, fuse together, and cell-

division begins. We must suppose that as soon as the cell

wall of the spermatozoon and that of the egg at the point of

attachment are broken down ^ then the body of the spermato-

zoon will be very rapidly drawn into the egg by surface tension.

On the mechanism of this process no experimental facts are

available.

Once the sperm has been drawn into the egg, we can continue

our experimental analysis. The experiment of Kupeh\aeser (19)

shows that the sperm-nucleus plays no essential role, since

although in certain cases it rapidly degenerates yet normal

segmentation occurs : again in artificial parthenogenesis com-

plete development takes place without any male pro-nucleus.

Now, the only other visible structure which is associated with

the male nucleus is the male aster. In Lillie's experiment with

the centrifuged eggs of Nereis, it was found that eggs from

which the sperm had been removed failed to develop a bipolar

mitotic spindle ; only one aster—the female aster—was

present ; otherwise the nuclear behaviour of the egg was normal.

Again, in Kupelwieser's experiment, although the male nucleus

degenerated the male aster remained functional. From a study

of normal fertilization we therefore suspect that the develop-

mental phase of fertilization is associated vdth. the existence

of two asters, one belonging to the female nucleus, and one

introduced into the egg by the spermatozoon—or which comes

into being when the male nucleus enters the egg.

» Until this occurs the two cells will remain essential^ distinct from

each other. Mere agglutination m a common matrix would not produce

actual incorporation of the sperm and the egg.
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Since the initial phases of fertihzation and of artificial

parthenogenesis are alike, and since the subsequent phase of

development depends on the existence of a sperm-aster, is it

possible that the process of artificial parthenogenesis can only

be completed by treating the egg in such a way as to induce the

formation of a second aster ?

As is well known, eggs which have been suljjected to ' mem-
brane formation ' will proceed to normal development if

treated with hypertonic sea-water. The recent work of Herlant

(16) shows clearly that such treatment does actually lead to

the formation of a second aster. Without such treatment

activated eggs behave in exactly the same way as eggs from

which spermatozoa have been removed after normal initial

activation.

The formation of accessory asters within fertilized, or within

artificially activated eggs, when exposed to hypertonic sea-

water, is now quite well established (Herlant, 16 ; Vies and

Dragoiu, 29). Herlant has shown that one of these asters

comes into communication with the female aster and forms

a normal mitotic spindle in the case of artificially activated eggs
;

further, he has shown that the optimum conditions for accessory

aster formation and the optimum conditions for development are

exactly equivalent. When it is remembered that Morgan (26)

and Wilson (30) showed that similar treatment led to the

formation of asters within unfertilized eggs, it will be realized

that the work of Herlant has thrown much light on the

whole process of artificial parthenogenesis. We are now able

to give a reasonable explanation of the fact that membrane
formation may either precede or follow^ treatment with hyper-

tonic sea-water. There is no need to postulate the ' corrective

substance ' of Loeb. Since the egg is more permeable to water

after membrane formation than before, it is equally clear why
treatment with hypertonic sea-water is more rapidly effective

after membrane formation than before (Loeb).

We can, therefore, summarize the process of artificial par-

thenogenesis as follows. There are two phases, (i) An activa-

tion of the egg, by the destruction of a lipoid film at the surface.

H h 2
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This process raises all the physiological activities of the egg to

the values reached in a normally active cell, (ii) A develop-

mental phase, whereby the necessary machinery for development

is introduced into the egg in the form of an artificially produced

aster.

It has been stated, however, that the theory of fertilization

advanced by F. R. Lillie is based on a very different series of

facts to that of Loeb. Lillie's theory is based on the behaviour

of the normal gametes. It is necessary for any alternative

theory to cover the whole of the facts.

Lillie has shown that sea-water which has been in contact

with the unfertilized eggs of the same species has a remarkable

effect on the spermatozoa. Such sea-water contains a substance

which (i) usually causes a marked increase in the activity of the

spermatozoa, (ii) causes them to form macroscopic clusters

—

usually rounded in shape—of intensely active sperm, (iii) in

some cases causes the spermatozoa to adhere to one another

for a considerable time, in large immobile clumps. The essence

of Lillie's theory is that fertilization is effected by the union

of the egg and the sperm by this intermediate and specific

substance (given out by the unfertilized egg) which Lillie calls

' fertilizin '. The sperm contains a substance which is agglu-

tinated by fertilizin, and so the sperm becomes attached to the

egg. Immediately fertilization has been effected the produc-

tion of fertilizin ceases, and so no more spermatozoa can adhere

to the egg.

I think it is a just comment to say that the above theory

(with its marked analogy to the side-chain theory of Erhlich)

does not purport to indicate the nature of the forces, physical

or chemical, which underlie the various processes of normal

fertilization. It does, however, stress the necessity of the

existence of specific substances, ' fertilizin, &c.\ without which

union between egg and sperm is impossible ; further, Lillie

makes no attempt to extend his theory to the process of

artificial parthenogenesis. Let us attempt to examine the

properties of ' fertilizin " from a physico-chemical point of view.

The presence of fertilizin usually stimulates normal sperma-

1
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tozort to a high degree of activity : it is not, however, the sole

means whereby an increased activity may be brought about.

The same effect can frequently be obtained by exposing the

spermatozoa to a slight increase of hydroxyl ions in the sur-

rounding medium, in fact the activity of spermatozoa can

readily be regulated by this means (Gray, 9 ; Cohn, 3) ; the

gametes of Luidia have been frequently observed to show

no activity when exposed to egg-secretions, whereas intense

activity is aroused by hydroxyl ions (Gray, 11). Again, the

sperm of Sphaerechinus will not fertilize the eggs of

Strongylocentrotus, unless hydroxyl ions are added to

the medium. These facts indicate that either (i) the efficiency

of fertilizin depends upon the concentration of hydroxyl ions

present, or (ii) ' fertilizin ' is itself a weak base which stimulates

the spermatozoon by virtue of its basic properties. The second

hypothesis covers all the facts, has the advantage of simplicity,

and is supported by the fact that the essential constituent of

the egg-secretion is readily destroyed by acids, but not by

alkalies.

Since, however, there is unanimous agreement that a certain

degree of activity on the part of the spermatozoon is necessary

for fertilization, let us consider the more unique effects of egg-

secretions on the sperm, viz. aggregation and agglutination.

There can be no doubt that the aggregation of the sperm into

active clusters must be due to some effect which the sperm have

on each other : the observations of Lillie on the spontaneous

aggregations of Nereis sperm provide strong evidence that

aggregation is due to the production of (JOg and that the sperm

aggregate at regions of optimum COg tension. There is nothing

to indicate that such clusters are due to any other cause than

the clusters of protozoa which have been described by

Jennings (12). It is, therefore, reasonable to suppose that

whenever the activity of the sperm is sufficient to produce the

critical amount of COg in the medium immediately surrounding

each sperm, then aggregations will form ; naturally, they will

only be temporary owing to (i) a gradual abatement in COg

production in an increasingly acid solution, (ii) a gradual
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abateinoiit of niovomciit owing to tho supply of available

energy being used up within the cells.

Again, Loeb's comment on the significance of sperm aggrega-

tions is important. There is no evidence that a sperma-

tozoon nuist take part in an aggregation before it can effect

fertiliisation. Aggregation need be nothing more than an

interesting corollary to the activation of the sperm by the

egg-secretion.

Subsequent to forming active aggregations in water contain-

ing egg-secretions, the sperm may adhere to each other in dense

masses (e. g. Nereis); in certain species no such agglutination

takes place. A consideration of the agglutination effect of

egg-secretions would involve a discussion of the whole mechan-

ism of cell agglutination ; such a discussion is not possible, but

the lucid sunnnary given by Buchanan (2) may be recommended

to the notice of any who feel disposed to follow Lillie's argu-

ment of specific agglutinations. The fundamental fact is that

agglutination depends primarily on the presence of free ions.

This can readily be demonstrated in the case of spermatozoa

or of eggs. The addition of a trivalent cation such as cerium

causes a very marked agglutination (Gray, 9), which Lillie

regards as comparable to the effect of heterofertilizin (i. e. the

fertilizin of one species on the spermatozoa of another). Again,

the addition of a small amount of sodium phosphate to normal

sea-water causes a marked agglutination of the sperm of

Echinus m i li a r i s . These phenomena depend upon the

deposition of an insoluble precipitate on the surface of the cells ;

in the case of cerium agglutination, insoluble cerium hydroxide

(probably in the colloidal form) is deposited on the cell-surface

and the cells adhere to each other by virtue of this common
matrix—just as particles of oil are agglutinated by ferric

hydroxide (Ellis, 6). Any substance which breaks up or

dissolves this matrix reverses agglutination ; thus acid dissolves

Ce(0H)3 forming cerous chloride, while alkali or sodium citrate

pectises or breaks up the film into non-coherent parts.^

1 It may be noted that this explanation differs from that offered in

a previous paper (Gray, 9). The conditions for the deposition of such
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Agglutination by sodium phosphate is somewhat diilerent

:

in this case agglutination is due to the formation at the cell-

surface of insoluble calcium phosphate. This agglutination

only occurs in the presence of calcium ions, and is reversed by

any substance which dissolves calcium phosphate, e. g. acids.

The parallel drawn by Lillie between the phenomena of

agglutination of germ cells and those of bacterial cells is no

proof that the agglutinative properties of the germ cells is an

essential condition for fertilization. Both bacteria and germ

cells exhibit the phenomena of spontaneous agglutination.

The latter phenomenon has been described by the writer (8) for

the eggs of IStrongylocentrotus lividus, and the

physiological properties of the cells indicates clearly that the

same factors are involved as in experimental agglutination.

Apart from such considerations it does not follow that because

the eggs give off a substance which causes spermatozoa to adhere

to one another, the same substance will cause a spermatozoon

to adhere to the egg. As pointed out elsewhere, a mere agglu-

tination of the egg and sperm is an inadequate picture of the

events which ultimately lead to the inclusion of the sperm into

the cytoplasm of the egg ; it is only when the cell-membranes

break down at the point of contact that an actual fusion can

occur much as a small drop of orthotoluidine is drawn into

a large drop of di-methyl-aniline (Darling, 4).

According to the present view, therefore, the only essential

effect of egg-secretions upon the spermatozoa lies in the

capacity of these substances to increase the activity of the

sperm. In certain cases egg-secretions appear to have no effect

on spermatozoa and yet fertilization readily occurs ; this fact

is obviously explicable on the physical analysis outlined else-

where in this paper.

Summary.

1. The theory of artificial parthenogenesis put forward by

Loeb meets with considerable difticulties when applied to the

precipitates depends on the charge on the cell-surface, but the mechanical

effect of flocculation seems certainly due to these precipitates acting as

a common matrix for the cells.
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facts of nonucil and hybrid fertilization. Tho theory of fertiUza-

tion put forward by F. R. LilHe does not appear to be apphcable

to the facts of artificial parthenogenesis.

2. The facts of normal fertilization appear to indicate that

the action of the spermatozoon on the egg is essentially of

a physical nature.

3. Evidence is advanced in favour of the view that the activa-

tion of an unfertilized egg by a spermatozoon is due to the

electro-motive force set up when the two gametes come into

contact. The inert egg is activated by the spermatozoon in the

same way as any other resting cell is activated when in intimate

contact with an active neighbour.

4. After activation normal development only occurs if two

asters are present in the egg. Under normal circumstances the

second aster arises in the egg in conjunction with the male

pro-nucleus ; in artificially activated eggs the second aster arises

when the egg is treated with hypertonic solutions.

5. In the case of the echinoderm egg the formation of the

fertilization membrane is discussed. One essential step in the

activation of these eggs is the removal of a continuous lipoid

lilm from the surface of the unfertilized egg.

6. The view is expressed that the only essential effect of egg-

secretions on spermatozoa is the capacity of these substances,

in certain cases, of increasing the activity of the male gametes.
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Calma Glaucoides : A study in adaptation.

By

T. J. Evans, M.A. (Oxoii.),

Lecturer in the Medical School, Guy's Hospital, London University.

With Plate 11 and 3 Text-figures.

A DETAILED description of certain portions of the anatomy

of a small British mollusc is here submitted, not so much as

an extension of our knowledge of molluscan structure, as on

account of the general biological interest of a unique metabolic

type.

Whilst retaining the shape and general structural plan of an

aeolidiomorph Nudibranch, Calma presents a combination of

important departures from that type which may all be directly

or indirectly referred to its specialized diet, namely, the eggs

and embryos of the smaller shore fishes. So close is the external

resemblance to the Aeolid that Alder and Hancock originally

(1, PI. xxii, letterpress) placed it in Cuvier's genus Eolis,

whereas the modifications to be described are in some respects

so great as to be comparable with those associated with

a parasitic life.

The genus has been recorded only from European waters,

and contains Calma glaucoides of Alder and Hancock,

commonly taken at Plymouth, Eoscofi", and Concarneau, the

Eolis albicans of Friele and Hansen (6) from the North

Atlantic, and the Forestia mirabilis of Trinchese (9)

from the Mediterranean. All three will probably be found on

re-examination to belong to one species, C. glaucoides.
At Eoscoff, Hecht (6) found the animal feeding during June

and July on developing eggs of Cottus, Lepadogaster and

Liparis under stones, and iu September in the swollen radical
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sacs of Lamiiiiiriii flexicaulis. Tlio cavities of these

sacs are rendered accessible to the smaller hsh by the boring

activities of various Prosobranchs, notably Helcion. The author

collected Calnia in August at Concarneau on Lepadogaster eggs

in Laminaria sacs, while Dr. Allen reports that at Plymouth

the animal is taken during the sunnner months on eggs of

Blennius ocellaris and Gobius minutus.

External Appeakancb (hg. 1).

When full grown C a 1 m a g 1 a u c o i d e s is about half an inch

in length, specimens obtained from Plymouth varying from

()-'25 cm. to 1-8 cm. The body is depressed except when much

distended with food. The very broad foot (0-3 cm. in large

specimens) has a curved thick anterior rim, passing laterally

into processes capable of extension. The rhinophores (r/i.) and

cephalic tentacles (ct.) are smooth and of moderate length.

Linear cerata, sometimes thrown into a pyriform shape by the

contained food, are arranged in ten or eleven pairs of lateral

groups, varying in immber of cerata from four in front to two

or one behind. The members of a group are not arranged in

a row as in the Aeolididae, but irregularly, the smaller ones being

ventral. In even quite young individuals the pale yellowish

rosettes of the gonads ((/.) can be seen in the angles between the

bases of the groups of cerata, the grey centre of the rosette being

the large male acinus, round which the numerous female acini

are set. The pericardial hump (pc.) lies on the right opposite

the space between the second and third groups of cerata, and

with a strong lens the renal opening (r.o.) can be made out to

the right of it in front. This was mistaken by Trinchese for the

anal opening. With the exception of silvery white dots on the

tentacles and cerata, representing gland-cells, and the opaque

whiteness of the pedal glands w^hich are especially richly

distributed anteriorly, the integument is transparent, and the

colour of the animal varies with the condition of the stomach

contents and the gonads. In general, it is a dull greyish white

in wdiich the pigment of embryonic eyes may show as black

dots. Hecht (loc. cit.) makes much of the protective value

o
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of this inevitable colour resemblance of Calma to the spawn

on which it feeds, and in one English text-book the argument

for protective coloration is enhanced through careless quota-

tion of Hecht, the fish spawn being thereby represented as

laid o n stones and roots of Laminaria. As, however, the spawn

is laid under the stones and within the radical sacs, the

value of the colour resemblance seems very questionable,

especially if the cause of it be also considered.

Internal Anatomy.

Although Alder and Hancock (1) had referred to the simple

wide alimentary tract and the regular lateral repetition of the

gonads, the only considerable description of the internal

anatomy is that of Trinchese (9). Excluding certain errors

such as the identification of the renal pore as the anus, and

the saccular kidney as the great dorsal vein, Trinchese's account,

so far as it goes, applies well to the British species. His descrip-

tion of the radula and the contents of the gut added to that of

the external features places the generic identity of Forestia

and Calma beyond question. In fact there appears to be no

reason for giving the Mediterranean form separate specific

rank. It is curious that Trinchese did not recognize the

spheres which he saw in the semi-digested food as the lenses

of embryonic fishes. Hecht (6) gives a faithful description of

the kidney in its relation to the pericardium, but represents

the former as extending to the end of the body, whereas in

all the numerous specimens examined for this paper the kidney

lay entirely in front of the seventh ceratal group. Sir Charles

Eliot's revision of the genus (3 and 4) served to establish its

generic character, to collect together the scattered Calmas

of the literature and to exclude from among them Calma
cavolini of various authors which possesses none of the

special anatomical characters of a Calma. He emphasized the

peculiar nature of the radula, the great size of the stomach,

the absence of cnidosacs, and the mode of grouping of the

gonadial units as modifications correlated with the specialized

diet. To him the author's thanks are due for an introduction
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to Calma. In the account that follows the digestive system

claims first place, not only because it shows the most extensive

aberration from type but because it provides the key to the

meaning of other topographical and histological changes.

The Digestive System,—The facial aspect of the

animal in repose is rather flat and directed forwards and

downwards. Below the middle of its smooth surface is a conical

depression leading to the small oval mouth. In the act of

eating the face fits like a hood on the egg and is capal)le of

considerable extension. In this position the animal looks very

aggressive, especially when the pressure which results in the

swallowing of the eml)ryo is exerted. In the meanwhile the

narrow odontophore bearing the saw-like radula has been

protruded into the oral opening and the act of slitting

the egg-membrane performed. This muscular odontophore

(fig. 2, rad.), which is very narrow at the protruded edge, is

broadly based J^ehind and on the floor of the buccal cavity.

It is covered by a cuticle which is continuous under the radula

and with the general liuccal lining. Laterally the buccal

cavity is largely occupied by a pair of muscular pads bearing

smooth jaws, wdiich are local thickenings of the buccal cuticle

(j.). These come into action in the act of swallowing. Between

them is a strongly cuticularized ventral groove in which the

odontophore moves. The groove continues forward into a

cavity in the ventral lip which acts as a reservoir for the very

massive buccal glands.

Previous descriptions of the radula (fig. 3) have represented

it as a continuous ribbon finely serrated at the edge like a bent

saw, thus contrasting it strongly with other uniseriate radulae

consisting of separate teeth carried on a basal dentigerous

strip. The examination of transverse sections, however, shows

that the profile view obtained in potash preparations is mislead-

ing, and that this radula is less of a neomorph than was

supposed. It is constructed on the fret-saw principle, teeth

not unlike those of the Aeolids being borne on a stout bent

cylindrical rod (b.r.) secreted by the bed-cells of the radular sac.

The teeth are as usual formed by the roof-cells of the sac and sit
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closely equitant on the rod. In sections stained with iron

haematoxylin and acid fnchsin this rod, which is the homologue

of the basal membrane of other radula, takes the acid dye,

while the teeth are a deep black. Even in potash preparations

the faint lines of demarcation of the individual teeth can be

made out under an oil immersion lens (see fig. 4). To the stout-

ness of the basal rod is due the fact that the radula is always

obtained complete and undistorted in preparations, as well as

its efficiency as a cutter of membranes. The most interesting

feature of the Calma radula, however, is the preservation at

its anterior end of the small first-formed teeth to the number

of four or more. These minute persistent teeth (fig. 4, 1-5)

are spaced out on their thin basal membrane and closely

resemble those of the uniseriate radula of Favorinus, being

without lateral denticulations. The basal membrane is con-

tinuous in front with the thick rod of the later radula. Between

this early normal Aeolidian radula and that of the adult is

a gap in which the dentigerous strip is already thickening, but

the teeth themselves are imperfect. Numbers 5 and 6 of the

figure look like imperfect Aeolidian teeth, while the remainder

of the gap contains irregular serrulations suggesting the

incipient adult structure. As this sequence is remarkably

constant, it is evident that here in the radula of Calma we have

a concise record of the change that occurs in the feeding

methods of the animal, for it is unimaginable that the minute

adult at the beginning of its career is capable of feeding on the

eggs of fishes. It is still more interesting as the preserved record

of the evolution of the Calma type from a more generalized

carnivorous Aeolid.

The post-bulbar salivary glands (Text-fig. 1, s.g.)

consist of a pair of simple tubes, the walls of the distal part of

which contain very large granular cells. These bulge out

singly or in groups of two or three, and their cell-contents stain

deeply with the basic dyes. The salivary ducts pass through

the nerve-ring to open into the buccal cavity at the posterior

ventral edge of the lateral pads.

The oesophagus is short and narrow, but its walls are
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thrown into longitudinal folds so that whole fish embryos pass

through it unrnutilated. Good serial sections of these are

often obtained in microtome preparations.

The rest of the alimentary system consists of a spacious bag

(Text-fig. 1, g.s.) extending to the end of the body together with

its glandular diverticula into the cerata. In a well-fed specimen

Text-fig. 1.

Diagram of the alimentary system, b.m., buccal mass ; d.l., hepatic

diverticula
;

g.fi., gastric sac ; l.g., labial glands ; n.g.s., sjiace

occupied by the nidamental part of the oviduct
;

p.c.s., space
occupied by the pericardium and anterior part of the kidney

;

o., oesophagus : fi.g., salivary gland.

this sac is so distended as to displace such loose structures as

the salivary glands and the male duct into the head region

above the brain and buccal mass, while the swollen ceratal

diverticula may give the cerata an ovoid shape. The appear-

ance of a common ceratal stalk observed b}' Alder and Hancock

and suggested as a characteristic of Calma is also a temporary

result of distension. On the right the sac is deeply constricted
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and indented by the pericardium {p.c.s.) and anteriorly to that

by the ootype (n.g.s.). Thus two chambers are connected by

a narrow tube, but neither their histological structure nor their

function justifies their being regarded as other than mechanically

separated portions of a continuous food reservoir. The lining-

cells of the gastric sac are low and fiat even when it is more or

less empty, while the cells of the ceratal diverticula are very

large and extensively vacuolated during active digestion.

A comparison of these hepato-pancreatic cells in the active

state (fig. 5, etc.), and the tenuous squames that line the full

stomach (fig. 8), strongly suggests that the former are responsible

for the bulk of the digestive juices in Calma. The fish embryos

(fig. 8, s.e.), whether very young or considerably developed

when eaten, are, however, partly disintegrated in situ in

the stomach, probably by enzymes delivered from the ceratal

glands (fig. 8, d.l.), which at this stage are uninvaded by the

food. Later the stomach contains a semifluid mass in which

lenses of eyes (fig. 8, /.) and scattered lumps of undigested

nuclei are the only remaining evidences of the nature of the

food. During further digestion this thick fluid is continuously

delivered into the cerata, where it undergoes solution (fig. 9,

d.l.). An animal fixed at this stage is difficult to cut on account

of the extremely hard consistency of the precipitated proteins.

The gland-cells of the ceratal outgrowths (fig. 5, d.c.) project

deeply into the food ; no evidence of ingestion could be found,

though fine brown granules similar to the eventual residuum

in the whole system accumulate in them and are extruded into

the lumen.

There is no trace of anus or intestine. The small amount
of undigested matter remains as a dark-brown core (fig. 9, d.)

throughout the alimentary system, so that the shape of this

system can be made out in a fasting animal by clearing alone.

On account of a certain amount of compression of this faecal

residue during the fast there is no admixture with a subsequent

meal. In connexion with the digestive system must be men-

tioned certain special connective-tissue cells (figs. 8 and 9, c.s.)

of the cerata which differ widely from those of the rest of the

NO= 263 li
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body in structure and function. These, while retaining their

connecting processes and their position as lining-cells of the

ceratal blood-spaces (fig. 5, h.s.), are at times among the

largest cells in the body and exhibit remarkable secretory

activities during the period of digestion of a meal in the neigh-

bouring gut diverticula. At the same time they increase greatly

in size till, finally, their identity as cells of the connective tissue

is obscured, and only a thin envelope continuous with the

processes (fig. 6, e.) is free from accumulated secretion staining

deeply with basic dyes. Simultaneously with the deposition of

stainable material in the cytoplasm, a clear non-staining

sphere (fig. 6, n.&.) grows within the nucleolus, which in fixed

tissue is so hard as to be frequently displaced or torn out by

the microtome knife. In specimens with empty stomachs

these cells are found in various stages of reduction in size,

an early stage of reduction and solution of the deuteroplastic

contents being shown in fig, 6, while fig. 5 shows normal,

faintly granular cells in which the nucleolar body is absent.

Hecht (loc. cit.) notifies these cells as ' cellules speciales ', the

significance of which he discusses without offering a final

judgement. He draws them as loose cells and seems not to

have recognized their essential conjunctive nature, but com-

pares them with the large rounded or oval cells found in the

ceratal connective tissue of Galvina and other Aeolidiomorpha

previously described by Herdman (7). Comparison of sections

of animals at different stages of the alimentary cycle appears

to provide convincing evidence that both the secretum of the

cell-body and the refringent spherule of the nucleolus grow

during digestion and disappear during a fast. On account of

their structure, the readiness \yith which they take up both

basic and acid dyes, their position, on the one hand close to

the absorptive cells of the gut, and on the other on the walls

of the blood-spaces, and lastly on account of the significant

variation of their contents during a digestive cycle, it is here

proposed to regard them as protein storage cells. The agree-

ment in phase between the granular deuteroplasm and the

nucleolar secretion is in keeping with this explanation, and
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suggests a zymogenic character for the latter. The cell of

fig. 6 is on the metabolic down-grade ; the more centrally

placed secretion has been brought into solution, and the

streaming enzyme from the nucleus has also attacked the

periphery. The necessity of means of storage must be present

in all organisms depending on a precarious food supply, but

a peculiar spatial relationship exists in Calma between gut and

gonad, which makes it advisable to postpone the discussion of

the utility of these cells until after the reproductive system has

been described.

The Nervous System (fig. 7) resembles closely that of

Facelina and other Aeolids with uniseriate radulae. The

following points are to be noted :

(1) The large dorsal ganglia (cp.g.) contain the cerebral

centres and all the ganglionic elements of the visceral

commissure. The short unbeaded visceral loop (v.l.)

gives but one visceral nerve which sends a branch to the

gastro-oesophageal anastomosis and continues into the

reno-cardiac plexus, and probably the gonad.

(2) The rest of the reproductive system is innervated from

a stout nerve (g.n.) arising from the right dorso-pedal

connective. This nerve consists of fibres derived chiefly

from the dorsal ganglion, and some pedal fibres.

(3) There are large rhinophorial ganglia (rh.g.), and the optic

ganglia {o.g.) are also outside the dorsal mass.

(4) The parapedal commissure (pp.c.) is distinct from the

pedal.

(5) The eyes and statocysts (ot.) are placed, as in most

x\eolididae, dorso-laterally in the angle between the

pedal and dorsal ganglia.

The vascular system does not call for special description, and

the renal and pericardial coelomic spaces have, as Hecht (loc.

cit.) has shown, the normal relations and openings, but the

kidney is unusual in being a simple dorsal sac extending back-

ward from the pericardium to the level of the sixth or seventh

ceratal groups.

li 2
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The Keprod active System (Text-fig. 2).—The works

of Alder and Hancock, Bergh and Trinchese provide an abun-

dance of surface views of incompletely dissected reproductive

systems of the Aeolidiomorpha, but the complexity of the

oviducal glands (ootype) is such that none is satisfactorily

described. The attempted reconstruction of the oviduct of

Doto fragilis by Dreyer (2) shows how a tangle may be

made worse by this method. In Calma, however, the structure

of the ootype is so simple that a little displacement of its parts,

aided by reference to serial sections, is sufficient to disclose

its mode of formation. With the knowledge thus gained as key

it was found that the much more intricate ootypes of Aeolidia,

Antiopella, and Pleurophyllidia are elaborations of the same

general plan.

As in Aeolidiomorpha generally, the gonadial unit consists

of a large central male acinus, bearing a number of female

acini, first as solid outgrowths, later as hollow diverticula of

its wall. Here, however, the gonadial units (fj.u.) are not as

elsewhere united together into a compact mass, but serially

distributed in all the interceratal spaces except the first.

Thus six to eight pairs are present according to the size of the

animal. Paired efferent ducts {e.d.) lead into the spermoviduct,

which swells into a coiled ampulla before the bifurcation into

male and female ducts at y, Text-fig. 2. The vas deferens {v.d.)

is very long, with a thick, glandular wall in its middle portion.

All other Aeolidiomorpha have their male and female openings

approximated in a common atrium, except Fiona, but the

male opening of Calma is placed in front of and below the level

of the right rhinophore (see fig. 1), while the female opening

occupies the usual position between the first and second ceratal

groups on the right. It is curious that, along with this primitive

position, the male organ itself has a primitive structure reminis-

cent of the Bullids, especially Haminea. It is a partial pleurec-

bolic introvert, the penis sac in the retracted condition contain-

ing the unchanged apex of the penis as a conical papilla on

which opens the vas deferens. Close to the end the deferent

duct receives that of a long tubular gland {g.a.) resembling the
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organ named prostate in the Bullids. When retracted this

gland lies along with the terminal coils of the vas deferens

tucked away in the head above the brain, but is partly drawn

Text-fig. 2.

Dissection of the reproductive system of a small, nearly mature
individual, amp., ampulla of h.d., the sperm-oviduct ; m.a. and
f.a., male and female acini ; m.o. and f.o., male and female
openings

; g.a., glandular appendage of the penis
; g.u., genital

unit ; n.g., nidamental gland ;
p.s., penis sac ; r.s., receptaculum

seminis ; sh.g., shell-gland ; sp.p., sperm-path from the recepta-

culum to the commencement of the oviduct at «/ ; v.d., vas
deferens ; 1.2.3.4.5, coils of the oviduct similarly numbered in

Text-fig. 3.

into the everted penis, giving it its shape and firmness. The

large cells lining it contain a clear secretion which, unlike the

granular contents of the prostatic cells of the vas deferens,
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takes up no dyes, acid or basic. The fact that no other AeoHdio-

morph possesses such a glandular appendage of the penis adds

to the interest of this coincident acquisition of primitive

position and structure.

The female duct is in very young specimens a straight

broad tube leading from the bifurcation of the sperm-oviduct

to the exterior. During growth this is differentiated into

a dorsal, much-coiled oviducal passage and a ventral straight

pathway for the introduced spermatozoa. The dorsal coils

(1.2.3.4 and sh.g.) are folds of the greatly enlarged female duct,

and in the figure are shown to form a continuous tube. In

Text-fig. 3.

sp.p.

v.d.

Section through the female complex at lr iii Text- fig. 2. e.p. 1.2.3.4,

folds of the oviduct through which the eggs pass ; 5, path of sperm
migration downwards; v.w., thin ventral wall of the oviduct;
v.d., vas deferens.

surface view the coils project as two bulges, one on the left in

front and the other behind and on the right. The former has

been by common consent called mucus or nidamental gland,

and appears in pickled specimens of the Opisthobranchs as

a brittle white mass, swelling in water, while the latter is named

albumen gland. Many authors have stated or conveyed the

impression that these lobes are dependent glands opening by

ducts into the oviduct and pouring their secretion on the eggs

as they pass. The long continuous tube here described, how-

ever, comprises both lobes, and is actually the functional oviduct

through which the eggs pass, and in which they receive the

successive layers of nidamentum. The first or posterior lobe

(sh.g.) is composed of a coiled portion of the tube which is
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opaque in life and more slender than the rest. In it single eggs

or small groups of eggs receive a separate investment of

a substance giving the chemical tests for mucin. This is at first

laid on in a fluid condition, while the later layers are dense and

firm. Shell-gland would therefore perhaps be the appropriate

name for this portion. In the rest of the oviducal passage

(n.g.) which is pellucid in the living animal, the eggs in their

shells are enclosed in the substance of the nidamental ribbon,

also a mucin. The outer layer of this, like that of the shells,

is firmer and denser than the rest. Hitherto we have considered

only those changes that affect the dorsal wall of the original

oviducal sac, and result in the formation of a twisted egg-

passage (see also Text-fig. 3, e.jp.). The ventral wall (Text-fig. 3,

v.w.) remains flat, thin, and non-glandular. Distally, near the

atrium, the flask-shaped receptaculum seminis (Text-fig. 2,

r.s.) is formed as an evagination of it. From the atrium it

extends back as the floor of a broad, shallow chamber (sp.p.)

which narrows as it becomes continuous behind with the initial

part of the female duct at the point of departure of the func-

tional oviduct {y). The impression so far conveyed is that the

original sac-like female duct has been divided into two passages

by a process resembling the pinching off of the vertebrate

semicircular canals, namely, a long coiled dorsal one, ciliated

and glandular for outgoing eggs, and a short thin-walled ventral

one for incoming sperms from the receptaculum, which is

neither ciliated nor glandular. Such a complete female diauly

is, however, not strictly true. Text-fig. 3 of a section through

the nidamental region in the plane lr in Text-fig. 2 shows that

three (1.2.3) out of the four oviducal loops thus cut across

are incompletely separated from the vaginal chamber below,

while the fourth or proximal loop (4) is a discrete tube. Thus

for a considerable length of ribbon-forming oviduct a facultative

but not a structural diauly is present. The tube of the shell-

gland is, however, completely separated except at its commence-

ment, as mentioned above. This is essential since it deals

with loose eggs, or with eggs receiving a fluid envelope. The

continuity at /y of the undivided oviduct with the vaginal
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channel (sp.p.) is also essential for the passage of the backwardly

migrating spermatozoa. It is, therefore, seen that diauly of

the female duct in Calma is just so far expressed as to con-

stitute passages that are functionally efficient.

The foregoing rather detailed account of the female reproduc-

tive ducts, though a digression from the main thesis of the paper,

has been introduced because the supposed female monauly of

the Aeolidiomorpha forms an important item in the definition

of that group.

The reproductive system as a whole presents three anatomical

departures from the Aeolidian type, namely (1) the displace-

ment of the male opening and its accessories into the head,

(2) the substitution for a muscular penis of one which derives

its bulk from a gland which grows at sexual maturity, and

(3) the breaking up of the massive aeolidian gonad into serially

arranged pairs of gonadial units which are so placed as to

intrude least on the body-space available for distention of the

alimentary system. They are, moreover, placed where digestion

of a meal begins, and in the path of food-laden blood from the

cerata, so that their growth proceeds pari passu with the

adjacent reduction in bulk of the stomach. All three modifica-

tions may be regarded as correlated with the demand for space

to receive the maximum meal when food is plentiful. The

last further enables Calma to replace that meal by its own

enlarging gonads with the greatest structural convenience.

Figs. 8 and 9 are sections through the interceratal regions of

two animals of similar size at nearly opposite poles of the

metabolic cycle. In fig. 8 digestion has begun, the gonads

are small, and the special cells (c.s.) in the cerata are almost

at minimum size, while in fig. 9 the meal has largely disappeared,

the special cells are greatly enlarged, and the ovarian acini

(/.a.) are distended with nearly full-grown eggs. In this

specimen the black granular remains (d) of a previous meal

are also visible on the floor of the gastric sac. As animals of

various sizes are found in both of these metabolically antithetic

conditions, it is almost certain that the rhythmic succession

of alimentary and reproductive activity takes place several

times in the individual lifetime. Dr. Orton (8) has shown by
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his raft experiment that the life-cycle of such a much less

advantageously placed animal as Galvina is far shorter than

had been imagined. What must it be then in a case where

food is plentiful if found at all, and its nutritive value so great

that a hind-gut is useless ; where, moreover, the chemical

constitution of the food and the gonad which it nourishes must

be so similar as to reduce the entailed metabolic conversion to

a minimum ? In fact, such an economical metabolic system is

equalled only by parasites that absorb the gonads of their hosts.

As to the special cells of the cerata, the supposition that they

act as reservoirs of food during a fast is supported by the

incidence of their periods of growth and diminution, while the

fact that only the connective tissue cells of the cerata are so

employed agrees with the principle observed throughout in

Calma, namely, that the whole available body-space should be

reserved for the alternation of food and gonad.

General Considerations.

The Aeolidiomorpha are all carnivorous, and the Aeolididae

all eat Coelenterates. The smaller ones live on Hydrozoa, but

supplement that diet by eating other members of their own and

neighbouring species or their eggs. Such are Facelina and

Favorinus, and it was among these most probably that Calma

arose, and, in spite of its extensive aberration from type, it

is to be hoped that no systematist will think fit to separate it

from them. The contours of the body are still typically

Aeolidian in detail. Examination of the least plastic of bodily

systems, the nervous system, by itself would place Calma in

the genus Facelina. During the precarious early days of settling

down on the sea bottom it is highly probable that the little

animal actually uses its initially uniseriate Aeolidian radula as

a generalized carnivore. All the departures from the Aeolididae

in the structure of the alimentary and other systems have been

shown to be closely associated with the adoption of a diet

different from and even more specialized than that of its polyp-

eating relatives. In doing this it provides an exception to the

rule that, as Dr. Willey expresses it, the adoption of a special-

ized diet marks the culmination of a phyletic career.
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EXPLANATION OF PLATE 11.

Fig. 1.—Dorsal view of the mature animal, a.m./., anterior margin of the

foot ; c.t., cephalic tentacle ; E., eye
; g., gonad seen through the integu-

ment
; pc, pericardium

; pe., extruded penis ; rk., rhinophore ; r.o., renal

opening.

Fig. 2.—Buccal mass laid open dorsally by turning back the flap /.

j., muscular pads thinly chitinizcd, called jaws when the chitin is locally

thickened
; m., mouth ; o., gullet ; rad., odontophore with radula.

Fig. 3.—Side view of the radula. b.r., basal dentigerous rod.

Fig. 4.—Anterior end of the radula. highly magnified. 1.2.3.4.5, the

primary teeth. Note the reduction in size from 1 to 4, and the loss of

shape at 5.

Fig. 5.—Part of a section of a ceras. a.g., epidermal gland-cell with

contents taldng acid dyes ; b.g., ditto taking basic dyes ; b.s., blood-space
;

C.C., ciliated cell of the epidermis ; c.s., comiective-tissue cell ; c.t., dense

dermal connective tissue ; d.c, digestive cell ; /., food with vacuoles ;

m.f., muscle-fibres.

Fig. 6.—A connective-tissue cell, special cell of Hecht, durmg solution

of its contents, c, clear envelope free from granular material ; n.b.,

nucleolar body.

Fig. 7.—Central nervous system, cp.g., cerebro-pleural ganglion

;

1
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;j.f/., pedal ganglion ; •^f.g., stomatogastric ganglion ; o.g., optic ganglion ;

g.ojj., gastro-oesoiihageal ganglion ; rh.g., rhinophorial ganglion ; a.p.n.,

anterior pedal nerve ; b.m.n., nerve to buccal mass ; bu.n., nerve to the

lips ; E., eye : g.7i., genital nerve of cerebro-pleural origin, continuing

beyond the genital complex as a pleural nerve ; n.c.t., nerve to cephalic

tentacle ; of.., otocyst ; p.c, pedal commissure
; p.p.c, parapedal com-

missure
; pl.n., pleural nerves, innervating the cerata and the dorsal body-

wall
; p.n., pedal nerves {N. no branches to the cerata from these were

discovered) ; rh.n., rhinophorial nerve ; s.n., nerve to salivary duct.

Fig. 8.—Section through an interceratal space of an animal killed shortly

after a full meal.

Fig. 9.—Ditto of an animal of the same size taken when the meal was

nearly all digested, a.v. and e.v., afferent and efferent veins of the ceras ;

C.S., the special cells of the ceratal connective tissue ; d., residual faecal

mass on the floor of the gastric sac; d.l., hepatic diverticulum; f.a. and

m.a., female and male acini ; h.d., sperm-oviduct ; pl.n., pleural nerve ;

p.n., pedal nerve ; v., median dorsal vein leading to the auricle.
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The Segmentation of the Head in Squalus
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With 13 Text-figures.

There are two views with regard to the segmentation of the

head. One has arisen out of Balfour's (1) pioneer work, the

other is due to Van Wijhe (18). They both agree on many
points, and the difference between them lies in the interpreta-

tion of the numerical relations of the different segmented

structures, as pointed out by Goodrich (8). In order that they

may be compared, a short account of these views will now be

given.

Balfour, in his classical ' Development of Elasmobranchs ',

expressed the opinion that the six visceral clefts are related

to six consecutive somites situated dorsally and posteriorly to

each respective cleft, the clefts being intersomitic. In front

of the spiracle he recognized two somites (premandibular and

mandibular), so that in all, from the anterior extremity to

behind the last gill-slit, there are eight somites, of which the

six posterior are simply and harmoniously related to six visceral

arches and clefts.

The recognition of the nature of the cranial nerves is due to

the work of Marshall and Van Wijhe. Five nerves are regarded

as dorsal roots, viz. ramus ophthalmicus profundus, trigeminal,

facial, glossopharyngeal, and vagus, the latter being really

compound and probably representing four segments. There

are then eight dorsal nerve elements, and if each is related to
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one of Balfour's eight somites the following relations will result,

as shown in Table I (ventral roots also included).

This is the theory which has grown out of Balfour's work,

and the somites bearing the relations described above may be

called Balfour's somites. Among the supporters of this view

are Ziegler (19), Koltzoff (10), Goodrich (8).
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are shown in Table II. Brans (2), Hoffmann (9), Sewertzoff

(17), and Neal (11) adopt this view.

The difference between the two interpretations is centred

in the region of the spiracle and hyoid arch. On the first

view all the segmented elements are harmoniously and con-

secutively related without gaps or discrepancies : on Van
Wijhe's there is one somite too many in the region of the

spiracle. For since the mandibular or second somite corre-

sponds to the first (mandibular) visceral arch, if the second

(hyoid) arch corresponds to the fourth somite, as Van Wijhe

supposes, then the third somite has no arch or cleft. Van Wijhe

suggests that these have been lost.

The question has been gone into thoroughly in the case

of Scy Ilium canicula by Professor Goodrich (8), and it

was at his suggestion that I undertook to investigate S q u a 1 u s

acanthias (A cant bias vulgaris) in otder to see whether

the conditions were similar in this related form.

The first part of this paper deals with the question of the

correspondence in the region of the hyoid arch, and which

somite forms the first permanent myotome. This is followed

by a brief description of the occipital region, for the purpose

of comparing the extent of the cranial region in Squalus and
Scyllium.

The work was done in the Department of Comparative

Anatomy at Oxford. To Professor Goodrich, for advice and
encouragement, I wish to offer my grateful thanks. I also

had the privilege of consulting Professor Neal in person and
to him, for valuable assistance and material, I express my deep

gratitude.

In a 4-5 mm. embryo (Text-fig. 1) reconstructed from

longitudinal vertical sections all the somites of the head can be

discerned. Two visceral clefts are present—spiracle and gill-slit 1

situated beneath the third and fourth somites respectively.

In the next stage (Text-fig. 2, 5 mm.) the second gill-slit has

appeared beneath somite 5. Of the dorsal nerves trigeminal

is related to the second somite, facial is situated between
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Text- fig. 1.—Reconstruction of the head of an embrj^o of Sqixalus acanthias
4-5 mm. long seen from the left side.

Text-fig. 2.—Embryo 5 mm. long. First appearance of muscle-fibres in somite 5.

The relation of somites to gill-slits and dorsal nerves is plainly seen.

Text-fig. 3.—Embryo 6 mm. long. The fifth somite is indistinct, the sixth is

covered by the vagus except for the posterior dorsal corner, which begins to

assume the hook-shaped appearance.
Text-fig. 4.—A single section through an embryo 5 mm. long, showing the single

nature of the somite under the auditory capsule.

Explanation of Lettering.

Ab, Abducens nerve. A.H.C., Anterior head cavity of Piatt. Ap.. Auditory
Placode. A.S., Auditory Sac. F, Facial nerve. G, Gut. Gl, Glossopharyngeal
nerve. G.8. 1 -5, Gill-slits 1 to 5. H, Heart. N. 1-7, Neuromeres 1 to 7.

Oc, Oculomotor nerve. S. 1-10, Somites 1-10. Sp, Spiracle. Sp. Gn. 2,

Second Spinal Ganglion. Tr, Trigeminal nerve. V, Vagus nerve. V. 7-10,

Ventral nerve-roots of segments 7 to 10. V.C.L., Vena Capitis Lateralis.
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somites 3 and 4, glossopharyngeal between 4 and 5. The

rudiment of the first branch of the vagus overlies somite 5,

which is the most anterior of the post-otic somites to develop

muscle-fibres.

Text-fig. 3 shows clearly the relation of the vagus to the

somites. It covers the posterior border of the fifth somite and

most of the sixth. By tracing up through later stages I have

arrived at the conclusion that it is the sixth somite which forms

the first permanent myotome. For the greater part median to

the vagus, its posterior dorsal corner is prolonged into a

hook-shaped process which, lapping round the posterior edge

of the vagus, extends forwards laterally to it. The hook-shaped

process can be seen in an incipient condition in this (Text-fig. 3)

and in subsequent stages ; likewise that the sixth somite

corresponds to the third gill-slit, which is of course related to

the second branch of the vagus. There is also serial correspon-

dence between spiracle, gill-slits 1 and 2, and the third, fourth,

and fifth somites respectively. The estabhshment of this corre-

spondence is important, for some authors (Dohrn, Froriep) have

described a varyingly large number of somites under the

auditory capsule. I am convinced that there is only one somite

between the facial and the glossopharyngeal in Squalus. Text-

fig. 4 is a drawing of a single section, and the region beneath

the auditory capsule from two sections of another embryo is

shown in Text-fig. 5 and under higher magnification. The pecu-

liar nature of the posterior corner of the sixth somite also

is shown.

Each cleft lies between two visceral arches. The first or

mandibular arch contains a prolongation of the second or

mandibular somite. Therefore, since clefts and somites corre-

spond, the next posterior visceral arch (hyoid or second) must

correspond to the next somite (hyoid or third somite). This is

corroborated by the fact that these two consecutive arches,

first and second, are related to two consecutive dorsal nerves,

trigeminal and facial. Similarly the third visceral arch corre-

sponds to the fourth somite and the glossopharyngeal nerve.

This interpretation implies that the dorsal roots are related to

NO. 263 K k
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the somites lying anterior to them, and it will be shown that

this is the only view which avoids weighty assumptions and

discrepancies.

As development proceeds the interpretation becomes more

difficult, and for two reasons :

1. The fourth and fifth somites lose their distinctness and

the fourth breaks up unrecognizably into mesenchyme. This

is possibly due to the pressure of the auditory sac, which appears

Text-fig. 5,

The somite beneath the auditory capsule.

between the facial and glossopharyngeal nerves, overlying the

fourth somite. As the sac extends bac"kwards the fifth somite

also begins to break up, though some remnants of its muscle-

fibres persist.

2. The somites appear in later stages to be situated more

posteriorly with regard to the gill-slits. This is due partly to

the development of the latter, which push them backwards,

and partly to the fact that owing to the slight curvature which

the head undergoes, the line of mesodermic somites finds itself

situated on the outer side of the circumference of this curvature.

Since the centre region of the head mesoderm (somites 4 and 5)

is broken down into mesenchyme, the more anterior somites 3
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4 ^2 mm.
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beries of diagrammatic reconstructions of embryos of the lengths
of 4-5, 5, 6, 7, 8, and 10 mm. drawn to the sanie scale. The rudi-
ments of the facial nerve are joined by a chain Ime, the corre-
spondmg somites of the different embryos by dotted lines.
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2, and 1 (which will be drawn off into the service of the eyeball),

acquire a more anterior position.

Similarly the more posterior somites, 6, 7, &c., move relatively

backwards. By measuring somites in the region of the fifth

and sixth, it can be seen that they are stretched and occupy

more space along the long axis of the embryo than the remainder.

Text-figs, 7, 8.

F ^p Gi

Text-fig. 7.—Embryo 8 mm. long. Ventral roots are present from
the seventh somite backwards.

Text-fig. 8.—Embryo 10 mm. long. The tenth segment is the

most anterior to develop a fully-formed mixed nerve. The vagus
is represented as truncated to reveal the ventral ]Jortion of the

sixth somite, which lies median to it.

Text-fig. 6 shows a number of embryos in successive stages of

development, all drawn to the same scale. The corresponding

somites of each embryo are interconnected by dotted lines. It will

be seen that the somite which laps round the vagus and forms the

first permanent myotome in the 10 mm. and all later stages

I
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cannot bu any other than the sixth, provided that no great

migration on the part of the somites has taken place. Several

authors regard the seventh somite as the one which gives rise

to the first permanent myotome, and this suggests a migration

forwards, as described by Braus (2). But, as stated above,

any relative movement which the somites undergo is backwards

and not forwards, and is entirely passive. Text-figs. 7 and 8

are reconstructions of embryos in the 8 mm. and 10 mm. stages

respectively. The sixth somite is very obvious, with its

anterior margin drawn out and indistinct, anterior to which

there are remnants of muscle-fibres of somite 5, and the same

is true of the 20 mm. stage (Text-fig. 9).

Up to a stage between 8 mm. and 10 mm. a ventral root

can be traced to the myotome of the sixth somite. In later

stages, however, I have been unable to find it. This is in

agreement with Neal (11) and Hoffmann (9), both of whom
state that it disappears. Presumably the sixth somite is

innervated by a branch from the next posterior ventral root

and somite (seventh), or the two nerves may combine, but

I have not succeeded in determining this point.

The fate of the ventral roots of the post-otic myotomes is

of importance in determining the posterior limit of the cranium.

Cartilage begins to appear in the L stage (Sewertzoff, 17 ;

Gaupp, 5). Text-fig. 10 shows a reconstructed embryo about

50 mm. long. Three ventral roots are present, emerging through

foramina in the cranial cartilage. The anterior one is very

thin and belongs to the seventh somite, the remaining two are

stout nerves. The foramina through which they pass become

confluent with the vagus foramen, the vagus lying immediately

lateral of their point of exit from the neural tube. These

two nerves I regard as belonging to somites 8 and 9. These

results are in agreement with those of Hoffmann (9). Fiir-

bringer (4) did not study very young specimens of Squalus,

so that it is probable that his y and z are the same as Hoff-

mann's c and d and my eighth and ninth.

The next ventral root, the tenth, comes out of a deep notch

in the posterior wall of the cranium, but behind the occipital
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20 mm. embryo.

Text-fig. 10.

,Sio

; Sp.Gn2
vro

50 mm. stage. View of the occipital region. Three ventral roots
are included in the skull, v 1-v 9, and the next, v 10, joins a dorsal
root to form the first mixed nerve.
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arch so that it is not included in the cranium. Its fibres join

those of the spinal ganglion to form the first mixed nerve,

branches of which I have traced to the tenth somite. Since

the eighth somite is the last of the vagus segments the ninth

is morphologically the first spinal or post-vagal (in the case of

Squalus included in the skull), and the tenth, which in Squalus

forms the first mixed root, is really the second spinal or post-vagal.

Eudimentary dorsal ganglia are present belonging to the seventh,

eighth, and ninth somites (Text-fig. 9). In Squalus, therefore,

there are nine segments included in the skull. Hoffmann (9),

Sewertzoff (17), and others state that there are ten, but since they

adopt Van Wijhe's somites, and like him intercalate a somite be-

tween those related to the fifth and seventh nerves, the number

of their somites from the third backwards are the same as those

of Balfour, plus one. Hence their results and mine are really

in accordance since we both regard the same segment as being

the last one included in the skull, though the numbers attri-

buted to it are different.

As compared with Scyllium Squalus has two more seg-

ments included in the skull. But it is interesting to note that in

both forms it is the tenth segment (second spinal) which gives

rise to the first mixed nerve. It is another proof that homology

does not depend on numerical correspondence (Goodrich, 6).

Discussion.

The acceptance of Van Wijhe's scheme of segmentation

renders it necessary that two somites, the third and fourth,

should be associated with a single cleft and visceral arch :

the spiracle and hyoid arch.

There is in this region one dorsal nerve, the facial, and this

Van Wijhe regards as double and representing elements

belonging to the third and fourth somites. The hyoid arch he

assigns to the fourth somite, and in order to account for the

third he assumes that a visceral cleft and arch have been lost.

We shall return to this assumption later. Further, he regards

the somites from the fourth to the eighth as related to the

visceral arch and dorsal root lying in front of them. Now the
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muudibular somito corresponds undoiibti^dly to a visceral

arcli (the first) and a dorsal nerve (trigcuninal) lying behind it.

Similarly the ramus ojjhthahnicus profundus is situated

posteriorly to the first somite. Again, in the trunk region

the ventral root of a somite joins the dorsal root posterior

to that somite to form a mixed nerve. Therefore Van Wijhe's

scheme involves two discrepancies, viz. that in the regions

between the mandibular and hyoid arches and between the

posterior somite of the head and the first of the trunk there

has been a reversal of the relations between somites and

dorsal nerves. The first of these discrepancies concerns the

trigeminal and facial nerves. The trigeminal is situated behind

the mandibular somite, whereas the facial lies in front of the

fourth. To be consistent one would have to attribute the

trigeminal to the somite posterior to it (third) and the ramus

ophthalmicus profundus to the second, but this would leave

the first somite without a corresponding dorsal nerve. Similarly,

in the region between the trunk and the head, the last branch

of the vagus would lie anterior to its somite (Van Wijhe's

ninth), whereas the first spinal ganglion is situated posterior

to its somite. Not only would the nerves from the facial to

the vagus lie anterior to their somites, but they would also lie

anterior to their corresponding ventral roots. In the trunk the

ventral root is always more anterior than its corresponding

dorsal root (Goodrich, 8). These relations of Van Wijhe's

somites are diagrammatically represented in Text-fig. 11.

We see then that this scheme has to contend with serious

difficulties, all of which are the outcome of regarding the

third somite as having lost its visceral cleft and arch. Let

us now examine this assumption. In the first place the missing

gill-slit is not indicated by any of the structures which it must

have involved and of which it is reasonable to expect that some

vestige would remain. There is no trace of arch, cleft, afferent

or efferent blood-vessels or nerve. This in itself is significant

in view of the fact that the anterior visceral arches are con-

served with constant regularity all through vertebrate phylo-

geny. And even when the clefts disappear they leave traces of
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their former existence in the form of blood-vessels, nerves,

skeletal elements or modilied structures. Then authors are

not agreed as to the exact position of this missing cleft. Whereas

Van Wijhe considers the hyoid arch as double, Hoffmann and

Piatt (14 and 15) regard the mandibular arch as representing

two elements fused.

With regard to the ventral roots there is no question about

Text-fig. 11.

9 ; 10

9i0f@f@ia

Diagrammatic representation of (a) Van Wijhe's somites, {b) Bal-

four's somites.

the oculomotor being the premandibular somite's nerve, and

the patheticus, in spite of its curious course, doubtless belongs

to the second and mandibular segment. The fourth and fifth

somites since they disintegrate have no ventral roots as such

(though the fifth is present in Scyllium). To the sixth somite

a ventral root can be seen up till about the 10 mm. stage.

The abducens has usually been regarded as the nerve of the

third somite and therefore as the ventral root corresponding to

the facial. It certainly innervates the external rectus nmscle,

but Neal (12) states that in Squalus this muscle is of composite

origin, consisting of elements derived from the mandibular

as well as the hyoid somite.
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The abducens is held to arise from the neural tube by many-

roots ; according to Noal four, corresponding to Van VVijhe's

somites 3, 4, 5, and G. I have been able to discern three roots

which in a 23 mm. embryo arise not very far behind the facial

Text-fig. 12.

Ventral view of an embryo 23 mm. long to show the origin of the

abducens nen^e.

(Text-fig. 12). In earlier stages their origin appears to be slightly

more posterior. It has been suggested that the hypoglossus

and abducens roots form a continuous series, implying that the

abducens is a compound nerve derived from elements belonging
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to three or more segments, but even going by topographical

relations alone it is not unreasonable to regard the abducens

as being the genuine third ventral root. At any rate I do not

see that the condition of the abducens furthers the assumption

that a gill-slit has been lost. If Neal's contention is true the

whole question of the eye muscles innervation and segmenta-

tion will require revision.

Lastly, one more train of thought has been brought to

bear on the supposedly lost organs, and that is the ques-

tion of the relation of neuromeres to the other segmental

structures.

Neal (11) describes seven neuromeres, of which the first

corresponds to the anterior head cavities with the olfactory as

its dorsal nerve : this is, of course, assuming that the anterior

head cavities have the value of a somite anterior to the pre-

mandibular somites. To the second neuromere correspond the

ramus ophthalmicus profundus premandibular somite and

oculomotor. The third or cerebellar neuromere later under-

goes subdivision (which Neal regards as secondary) and to it

belong trigeminal, patheticus, and mandibular somite. The

next dorsal root, the facial, arises from the fifth neuromere,

and this led to the idea that the nerve of the fourth neuromere

(which has none) has disappeared and that it was this nerve

which was related to the lost gill-slit. To the sixth and seventh

neuromeres belong the glossopharyngeal and vagus, though

their topographical correspondence has been lost. The glosso-

pharyngeal appears to arise from the seventh neuromere, and the

vagus behind it ; but this is explained as being due to the pres-

sure of the auditory sac and relative shifting of the elements

of the neural crest and neural tube. These relations are shown
in the embryo (6 mm.) reconstructed in Text-fig. 13.

If it be granted that neuromeres have a primary segmental

value, then it may be said that there is one neuromere too many
overlying the hyoid arch ; but that such a segmental value

exists remains to be proved. To start with it rests on the

assumption that the anterior head cavities represent a somite.

^ These are present only in Galeus and Squalus, but in Amia,



472 G. RYLANDS DE BEER

Reighard, and Pliclps (16) havo described tho sucker as arising

from muscle anterior to the premandibular somite. Goodrich

(7) has produced good evidence to show that the anterior head

diverticula of Amphioxus are homologous with the premandi-

bular somites of Craniates, and it is more reasonable to agree

with Dohrn (3) that mo segmental significance must be attached

to Piatt's anterior head cavities. Then, supposing that the

Text-fig. 13.

Tr N4 F Ns Ne N/GI V Sg^ §7

^
imm.

Embryo 6 mm. long showing the relations of the neuroiueres to the

remaining segmented structures.

subdivision of the third neuromere is not secondary but

primary and retarded (which it might be, for tlie third neuro-

mere is just about twice as long as the following ones), it would

be necessary to postulate yet another gill-slit lost, to correspond

to the extra neuromere. But perhaps the greatest objection

to the segmental value of neuromeres lies in the fact that they

are altogether absent in Amphioxus, scarcely developed in

Petromyzon, irregular and asymmetrical in Bdellostoma, and

that they are best developed in the higher craniates, birds,

and mammals (Neal, 13). This strongly discountenances their

palingenetic value and suggests that they aie neomorphs.

And so I cannot believe that the evidence from neuromeres

favours the assumption of a lost gill-slit.
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The simplest explanation then, that originating from the

work of Balfom', is the most suited to the facts : the third

somite is related to the hyoid arch and the fourth to the third

arch, &c. ; somites correspond to the dorsal roots lying imme-

diately behind them, as in the pre-otic and trunk regions,

and there are no discrepancies.

In dealing with such a subject as segmentation, the essence

of which is a simple and orderly repetition of parts, if a simple

explanation can be deduced which does not produce incon-

sistencies or go against facts, the onus probandi must lie

with those who would reject such an orderly state of affairs.

Summary.

1. Balfour's interpretation of the somites of the head is

correct and free from the objections which accompany Van
Wijhe's.

2. No gill-slit or arch has been lost in the neighbourhood of

the hyoid arch.

3. Nine segments are included in the head of Squalus, of

which three are pre-otic (first, second, third) and six post-otic.

Of these

One (fourth) breaks down completely into mesenchyme
;

One (fifth) forms muscle-fibres but later breaks down

;

Four (sixth, seventh, eighth, ninth) produce permanent

myotomes

;

The tenth somite (first of the trunk, and second post-vagal)

corresponds to the first mixed nerve.

List of the Literature cited in this Paper.

1. Balfour, F. M.
—"Monograph on the Development of Elasmobranch

Fishes ", ' Journ. Anat. and Phys.', 1876-7 and 1878.

2. Braus, H.
—

" Die metotischen Urwirbel ", ' Morph. Jahrb.', vol. xxvii,

1899.

3. Dohrn, A.—" Die Priimandibularhohle ", ' Mitth. Zool. Sta. Neapel ',

17, 1904.

4. Fiirbringer, M.—" tJeber die spino-occipitalen Nerven ", ' Festschr.

f. C. Gegenbaur ', Leipzig, 1897.



474 G. RYLANDS DK BEER

5. Gaupp, F.
—

" AUg. Entwicklung des Kopfskelottea ", ' Hertwig's

Handbuoh d. Entw. d. Wirboltiere ', vol. 6, 19()G.

6. Goodrich, E. S.
—

" Metameric Segmentation and Homology ",
' Quart.

Journ. Micr. Sci.', vol. 59, 1913.

7. " Proboscis pores in Vertebrates ", ibid., vol. 62, 1917.

8. " On the development of the segments of the head in Scyllium ",

ibid., vol. 63, 1918.

9. Hoffmann, C. K.
—

" Beitr. zur Entwicklimg der Selachier ", ' Morph.

Jahrb.', vol. xxv, 1897.

10. Koltzoff.
—

" Metamerie des Kopfes von Petromyzon Planeri ",

' Anat. Anz.', 1899.

11. Neal, H. V.
—"The segmentation of the Nervous System in Squalus

acanthias ", ' Bull. Mus. Comp. Zool. Harv,', vol. xxxi, 1898.

12. " The history of the Eye muscles", ' Journ. Morph.', vol. xxx,

1918.

13. " Neuromeres and Metameres ", ibid., vol. xxx, 1918.

14. Piatt, J. B.
—

" Contribution to the morphology of the Vertebrate

Head ", ' Joxirn. Morph.', vol. v, 1891.

15. " Further contributions ", ' Anat. Anz.', vol. vi, 1891.

16. Reighard and Phelps.—" The development of the Adhesive Organ

and Head Mesoblast of Ainia ", ' Journ. Morph.', vol. xxx, 1908.

17. Sewertzoff, A. N.
—"Die EntAvicklung des Selachierschadels ",

'Festschr. f. L. v. Kupffer ', Jena, 1899.

18. Wijhe, J. van.
—

' Ueber die INIesodermsegmente und die Entwicklung

der Nerven des Selachierkopfes ', Amsterdam, 1882.

19. Ziegler, H. E.
—

" Die phylog. Entstchung des Kopfes ", ' Jena.

Zeitschr. Naturw.', vol. xliii, 1908.



Some Notes on the Gametogenesis of

Ornithorhynchus Paradoxus.

By

J. Bronte Gatenby, M.A., D.PMl. (Oxon.), D.Sc. (Lond.),

Professor of Zoology and Comparative Anatomy, Dublin University.

(From the Department of Embryology, University College, London.)

With Plates 12, 13, 14, and 1 Text-figure.

Contents.

PAGE
1. Introduction ......... 475

2. PREViotrs Work on Gametogenesis of Ornithorhynchus
AND OF Echidna ........ 476

3. General Note on the Structure op the Egg op the Sauro-
psiDA .......... 478

4. General Account of the Formation op Egg-membranes in

Sauropsida and Mammalia ...... 480
5. General Account of the Yolk Formation in Birds and

Amphibia 482

6. The Structure of the Ovary of Ornithorhynchus . . 483

7. The Appearance of the Immature Ovary .... 484

8. The Size op the Largest and Smallest Ovarian Oocytes . 485

9. The Young Oocyte 486
10. On the Early Establishment of a Polarity in the Oocyte 486
11. Formation of Egg-membranes ...... 487
12. Yolk Formation 489
13. Formation of the Latebra ...... 490

14. A Fully-formed Egg (diameter 4 mm.) .... 491

15. Note On Spermatogenesis ...... 492

16. Discussion 493

17. Bibliography 494

1. Introduction.

In this paper I have described in as much detail as was

possible the oogenesis of the duck-billed platypus of Australia.

Owing to the unique position of the Prototheria, any new facts
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with regard to their germ-cells is sure to be of value. I must

take this opportunity of thanking Professor J. P. Hill, F.R.S.,

for allowing me to study his material of Ornithorhynchus,

without which I could not have published these notes.

There is no account extant of the detailed structure of the

ovarian egg of Ornithorhynchus, of the yolk formation, of the

maturation stages, or of the corpus luteum. Such accounts

of the ovary as are published are scrappy and full of errors,

this, however, being chiefly due to the scanty and poor material

at the disposal of the various observers who have attacked

these problems. The material at my disposal, while not having

been prepared by the most modern technique, is well preserved

by routine methods and allows of a fuller description of various

problems than hitherto given. The material consisted of one

ovary preserved in Flemming's strong fluid, and of several

ovaries preserved by a variety of picric and bichromate fixa-

tives. Most of the new results were procured by examination

of the Flemming-fixed ovary.

This work was partly carried out in the Embryological

Laboratory, University College, London, and was finished in

the Zoological Laboratory, Dublin University. Apart from

his kindness in lending me the material, I have to thank

Professor J. P. Hill for assisting me by lending some of the

literature on Ornithorhynchus and Echidna.

2. Previous Work on Gametogenesis of Ornitho-

rhynchus AND OF Echidna.

Thirty-seven years ago E. B. Poulton, in his paper on
' The Structures connected with the Ovarian Ovum of Mar-

supialia and Monotremata ', gave some account of the general

appearance of the ovary and follicle of Ornithorhynchus and

Echidna. Poulton's material consisted only of ovaries removed

from spirit specimens, and he was consequently much handi-

capped. Nevertheless, he succeeded in establishing several

facts of great importance. The ovary of Ornithorhynchus,

according to Poulton, is flat or compressed, oval, and about

13 mm. long, 7 mm. wide, and 2 mm. thick. The follicles are



CtAmetogrnesir of ornithorhynchur "477

confined to the edge of the transverse section of the ovary,
1. e. on the surface of the ovary ; there does not seem to be any
distinct arrangement of follicles, according to size, but the small
ones always seem to be near the surface. Poulton noticed that
there was evidence that the large follicles were constricted off,

in the presence of a deep furrow encircling some of them.
By this I believe he means that the egg (and follicle) is con-
stricted from outside, and tends to hang somewhat freely on
the surface of the ovary.

Poulton identified a follicular epithelium, which he considered
to be of one layer, ' the whole of the time the ovum remains
in the follicle '.

This author also describes faithfully the zona pellucida,
follicle, basement membrane, and tunica fibrosa, and establishes
the fact that the ' ova of Monotremes practically fill their
follicles, and are of considerable size '. The nucleus Poulton
considered to be central in the small ova. He recognizes in the
older egg a peripheral stainable granular area, and, deeper
down, a lighter granular area, beneath which lies the yolk.

It is remarkable that Poulton should have been able to
describe so many interesting facts from such poor material.

Three years later, in 1887, Caldwell published a paper on
' The Embryology of the Monotremata and Marsupialia ', in
which he pointed out that Poulton and Guldberg had wrongly
stated that the follicular epithelium remains always a single
layer of cells.

Guldberg and Beddard both described the ovary of Echidna.
They showed that it resembled in its oogenesis the condition
already described by Poulton for Ornithorhynchus.

Probably the finest collection of Monotreme material is that
procured by Semon about 1893 ; this observer had at his
disposal a large number of eggs in all stages. He gives no
account of the oogenesis, and his description of the structure
of the egg consists of thirty-five lines of general comment,
without any detailed account of his material. It is therefore
difificult to know how much Semon ipderstood of the structure
of the egg. Certain appearances drawn in his figures of the egg

NO. 263 L 1
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are undescribed in the text. In some cases it is impossible to

know whether Hemon's figures of supposed nuclei are cells or

nucleoli ; this applies especially to his Tafel IX, figuring

early stages of development.

Writing of the full-grown egg, Seraon says :
' Die Keimscheibe

ruht auf einem Lager von feinkornigem, weissem Dotter, und

dieser entsendet nach innen eine strangformige Fortsetzung,

einen " Dotterstiel ", der im Centrum sich flaschenformig zu

einer Latebra aufblaht. Die Elemente des gelben Dotters

sind kugelrund
;
gegen den weissen Dotter zu, besonders in der

Gegend der Keimscheibe, nimmt der Durchmesser der Kugeln

des gelben Dotters continuirlich ab. An der Grenze erblickt

man haufig die Kugeln des gelben Dotters in alien Stadien des

Zerfalls zu kleineren und kleinsten Elementen. In gleichem

Maasse wie das Blastoderm den Dotter umwachst, breitet sich

an der Oberfiache des letzteren und ersteren eine Schicht von

weissem Dotter aus.'

In his figures of sections of the eggs of both Echidna and

Ornithorhynchus, Semon draws, within the more central part

of the cross-section of the egg, from one to as many as three

concentric rings lying in the yellow yolk, as is well known to

occur in the hen's egg, but.he does not describe these rings in

his text. His description of the structure of the egg is very

poor. It would probably be worth while for a capable cytologist

to re-describe the sections of eggs of both Echidna and Ornitho-

rhynchus procured by Semon's party in Australia.

3. General Note on the Structure of the Egg of

THE SaUROPSIDA,

In both the Aves and the Reptilia, the egg, as is well known,

has a very complicated structure, and for the purpose of

comparison with that of Ornithorhynchus I have given a

diagram in Text-fig. 1.

The germinal disk (gd) is formed of pure protoplasm free of

any but the smallest yolk-spheres ; this protoplasmic disk

contains a very granular, generally somewhat basophil, type

of protoplasm, which can readily be distinguished from the
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clear cone of protoplasm (acp) which lies below. This clear

cone of protoplasm is not granular, and passes insensibly into

the disk above, on the one hand, and into the neck of the
latebra (nl) below, on the other hand (Nucleus of Pander).
The latebra (l) is formed of a clear substrate containing numbers

Text-fig. 1.

GD
,-'ACP

of fine yolk-granules. Completely surrounding the egg, and
forming a peripheral area, is a thin layer of clear protoplasm
containing very fine yolk-spheres (cl). All the internal

substance of the egg, excepting that part occupied by the
latebra (l), is filled with enormous numbers of large coarse
yolk-spheres

; and within this substance can be found con-
centric rings of clear material (cr) which are said to mark areas
of growth of the yolk (see Riddle, 5).

L 1 2
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The peripheral clear area (cl), the cone of protoplasm

(acp), and the latebra are generally described as containing

white yolk-spheres, the rest of the egg mainly yellow
yolk-spheres.

The clear thin layers of concentric stratification (cr) have

been said to contain white yolk-spheres, though this has not

been settled satisfactorily. Riddle (5), however, believes that

the concentric layer does contain white yolk, and is a growth-

mark.

Semon's description of the yolk of the egg of Ornitho-

rhynchus does not include any mention of these concentric

layers of stratification within the egg, but in his figures he

shows eggs of Echidna and Ornithorhynchus which contain

one (Tafel VIII, fig. 23), two (fig. 25 and fig. 19), and three

(fig. 20) layers, as depicted in Text-fig. 1 (cr) of this paper.

It is possible that the egg of Ornithorhjaichus might contain

these concentric lines of growth, if such they be. The varving

number of lines are probably significant of the different periods

or epochs of the year during which the eggs grew most ; that

with two rings possibly grew in two sudden well-marked

periods, and so on. This opinion is supported by Riddle's work

on feeding Sudan III to laying fowls (5).

4. General Account of the Formation of Egg-

membranes IN Sauropsida and Mammalia.

In a recent paper (8) Miss Alice Thing has studied the forma-

tion of the zona pellucida in various turtle eggs. When the

young oocyte of the turtle has reached a size two or three times

that of the oogonium, it becomes surrounded by a flattened

epithelium which persists as one layer throughout the course of

development of the egg. With the gradual growth of the

oocyte, the epithelial cells take on a definite prismatic shape

and increase in height in the axis perpendicular to the surface

of the egg. Occasional mitoses prove, that to accommodate

the increasing volume of the egg, the epithelium extends itself

by division of its constituent cells ; in very large eggs numerous

mitoses occur. The epithelial cells forming the follicle are
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sharply marked off from one another by intercellular channels

filled with intercellular substance. The latter undergoes early

a change of constitution and becomes transformed at the level

of the surface of the cells into the special cement known as the

terminal bars.

The zona pellucida is formed by two or three different

elements. It takes its origin as a veil-like formation consisting

of a mosaic of terminal bars and polygonal helds within which

may be recognized the small, pale areas, future canals of the

adult membrane separated by pale and dark filaments giving

origin to the future fundamental substance of the adult

membrane. The fundamental substance of the zona pellu-

cida is developed as a cuticular element, by the terminal

bars or primary network, that is by a definite special inter-

cellular cement possessing the property of extension over the

free surface of the epithelial cells and forming connexions there

with the delicate secondary network apparently produced

directly by the superficial cytoplasm of the epithelial cells.

With regard to the origin of the zona pellucida in mammals,
I believe that there are three possible methods of development :

the zona might develop from the follicular epithelium, it might

develop from the egg-cytoplasm, or it might be developed under

the influence of, and from, both egg-cytoplasm and follicular

epithelium.

The majority of present-day workers appear to believe that

the zona of Mammalia develops from the follicular epithelium

alone. This is the view of such well-known older observers as

Flemming, Eetzius, Fischer, Von Ebner, Bonnet, and Eubasch-

kin. But Van Beneden, Sobotta, Waldeyer, and Kolliker all

believe that the zona pellucida is secreted by the egg-cytoplasm.

In support of this view are such observations as that of Van
Beneden, who described in a bat the fact that while there may
be two eggs in such close contact that at one place the follicle

is interrupted, yet at this region the zona is properly developed.

This is not of very rare occurrence in ovaries of placentals, and
is certainly difficult to explain if one believes that the zona is

of purely follicular origin.
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5. General Account of the Yolk Formation in Birds

AND Amphibia.

In both birtls and amphibians the egg is richly provided

with yolk, i. e. macrolecithal. The formation of yolk in the

egg of amphibians does not seem to have been followed out

with any detail or pains by a modern worker, and though

I have made numerous preparations by the best methods, it has

been difficult to determine the exact source of origin of the yolk-

spheres (see Gatenby, 15, p. 139).

In the amphibian oogenesis the mitochondria spread out

mainly to form a deep cortical zone on the periphery of the

egg. It is in this zone that the first sign of yolk-granules

appears, but it is wellnigh impossible to give an opinion as to

whether the yolk originates directly from the mitochondria,

or whether the latter only elaborate materials which, precipitat-

ing in the ground cytoplasm, come to form the separate spheres

of substance we recognize as yolk.

Van Dunne, in his monumental work on the oogenesis of

birds (10), has entered into the subject with care, and has

produced a paper which may be accepted as an authentic

account of the steps in the formation of yolk in birds. He
recognizes in the oocyte just before the beginning of the exten-

sive yolk formation : (1) an attraction sphere containing

a centrosome, (2) a yolk-forming region or vitellogeiious cloud,

(3) a quantity of fatty yolk. The vitellogenous cloud is formed

of mitochondria of various types, e. g. chondriomites, chondrio-

somes, and it soon undergoes a process of dissociation. This

dissociation of the ' couche vitellogene ' invokes the appearance

throughout the egg-cytoplasm of a uniform layer of mito-

chondria. This miiformity does not last long, for soon after-

wards three distinct mitochondrial zones appear ; a cortical

dense zone, an inner deeper, and an internal still deeper zone.

The first vestiges of yolk formation are the appearance

of clear yolk-vesicles (vacuoles) in the neighbourhood of the

cortical fatty layer, thus constituting a peripheral vacuolated

area, which spreads gradually towards the centre of the yolk ;

I
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a second vacuolated area appears around the nucleus, known

as the perinuclear vacuolated zone. These two zones meet

at the animal pole of the egg, above the nucleus, forming the

vacuolated nuclear cap.

Subsequently in this second phase of vitellogenesis the tirst

true yolk-spheres put in an appearance firstly in the region of

the exoplasm, then more deeply in the endoplasmic region.

Van Durme unhesitatingly states that these yolk-spheres

partly arise from the larger mitochondria, and partly from the

contents of the clear yolk-vesicles (vacuoles).

From this stage onwards the more deeply-lying mitochondria

become fewer, the yolk-elements more numerous, but the

cortical mitochondrial zone persists throughout all stages.

6. The Structure of the Ovary of Ornithorhynchus.

On taking up a slide of sections of the ovary of Ornithcr-

rhynchus and examining it with the naked eye, one is first of

all struck by the enormous size of the riper eggs. These are

much larger than the full-grown ovarian oocytes of the frog,

and of course infinitely larger than those of a rabbit or dog.

As in the ovary of a Sauropsidan, the eggs project out around

the surface of the organ in a way familiar to any one who has

examined the ovary of a fowl or turtle. Thus, while the eggs

may be very large, the stroma and general extent of the whole

ovary is relatively small. This will be best understood by refer-

ence to PI. 12, fig. 3 : in this ovary there was at least one egg

nearly if not quite ripe (o), which measured 4-36 mm. in diameter

in its shortest way, by 4-52 mm, in its longest way.

In the ovary drawn in PI. 12, fig. 3, no corpora lutea were

to be found, and when these occur they protrude from the

surface of the ovary almost as much as the full-grown egg.

In several of the ovaries I have examined there are two

corpora lutea close together, and these form by far the most

prominent structures in the ovaries in question.

Examined under the low power of a microscope the most

striking features of the Ornithorhynchus ovary are the innumer-
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able lacunae or spaces in the ground-work or stroma. The
biggest of these spaces are drawn in PI. 12, fig. 3, being cross-
hatched (ca), but to gain a better understanding of this pecu-
liarity one must examine tig. 4 of PI. 13. Here the extraordinary
structure of the ovary is demonstrated, a well-marked germinal
epithelium is recognizable (ge), and beneath it are a row of
oocytes in various stages ; on the right of PI. 13, fig. 4, the
oocytes are found to lie in a more solid cortical area of the ovary,
which is marked off at this region quite sharply by the wide and
numerous lacunae, with their trabeculae in between (tr).
These cavities do not contain blood, or lymph corpuscles, but
seem to have been occupietl by a non-corpuscular fluid, which
leaves no trace of coaguluni in the finished sections.

As the young oocytes grow older they tend to become com-
pletely surrounded by strands of nmch vacuolated tissue, as is

nidicated in tlic largest oocyte drawn in PI. 18, fig. 4. This
feature is certainly one of the most remarkable in the ovary
of Ornithorhynchus. It will therefore be clear that by the
time an egg has reached the stage drawn in PI. 13, fig. 4 (roughly
one-eighth of its full size), it is already floating in a basket-like
area formed by connective-tissue trabeculae and intervening
lacunae tilled with liquid.

7. The Appearance of the Immature Ovary of the
Platypus.

In PI. 12, fig. 2, is drawn an immature ovary measuring
3-250xl() mm. This shows remarkably well^he almost
a,mphibian character of the ovary at this stage. As was pointed
out above with reference to the mature ovary, there is also to
be seen in this innnature specimen a cortical arrangement of
oocytes

;
around the ovary the eggs tend to lie in a thickened

area, beneath which is a space occupying the centre of the
organ. This cavity is only partly filled with loose strands of
connective tissue.

One is forced to look upon this peculiar structure of the imma-
ture ovary of Ornithorhynchus as a very primitive feature.
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In subsequent development the cavity becomes more and

more tilled with connective tissue, and this, together with the

growth of the cortical walls of the ovary, caused the primitive

type of arrangement to be disguised and partly obliterated
;

but it should be pointed out that the lacunae figured on

PL 13, fig. 4, are largely the remains of the early cavity within

the gonad.

8. The Size op the Largest and Smallest Ovarian

Oocytes of the Platypus.

In the adult ovary of Ornithorhynchus no oogonia are to

be found ; all these seem to have undergone their maturation

prophases and to have become oocytes certainly long before the

animal is full grown. Even in one very small immature ovary

in Professor Hill's possession there were no oogonia ; this

ovary measured only 3 mm. in depth (see PL 12, fig. 2), whereas

the adult ovary is at least 12 mm. in depth. Possibly during

an embryonic period all the oogonial divisions, as well as the

prophases of the maturation division, have taken place, so that

when the animal hatches there are already formed all the

oocytes which it will possess and use during its life.

This feature, with regard to the absence of true oogonia in

the ovary, does not occur in forms like the frog, where numerous

pockets of true oogonia exist in the ovary of the adult (vide

Gatenby, 9). Were it not for these pockets of cells which

continually proliferate new oocytes, the frog would be unable

to lay three to five thousand eggs for so many seasons. In

the case of Ornithorhynchus and other Mammalia, the number

of offspring produced is so small as not to necessitate a con-

tinuous new supply during each breeding season.

Measurements have been taken of a number of the oocytes

of the smallest dimensions I could find. The smallest was

0-07 mm., the average among the smaller being 0-08 mm. In the

adult ovary the smallest oocytes measured from 0-08 to 0-09 mm.
With regard to full-grown ovarian oocytes the largest I found

was 4-5 mm. in diameter, not counting the theca (PL 12, fig. 3);

4 mm. seems an average diameter for the ovarian oocyte of



48() J. BRONTE GATENBY

Ornithorhynclius. The one complete egg- and shell-membrane

of which I examined sections was only from 4-5 to 5 mm.
in diameter, though it was difficult owing to the wrinkling to

make an accurate measurement (PI. 12, fig. 1),

9. The Young Oocyte of the Platypus.

Sonu' oocytes which had just undergone the prophases of

the h(!terotypic division were discovered in the Plemming-fixed

material ; two such oocytes are drawn on PI. 14, figs. 7 and 8.

The nucleus is nearly always spherical, but occasionally

irregular as shown in fig. 8 ; there is a well-marked nucleolus,

NU in fig. 7, of the fragmented type ; in some nuclei the nucleolus

can be seen to be formed of two parts—a lightly-staining region,

NOP in fig. 10, and a darkly-staining region, nub. In fig. 11

the nucleolus consists of a very large darkly-staining sphere

and a number of smaller pale elements ; the chromatin is

feebly staining and dispersed in all these nuclei.

In nearly all the young oocytes observed a ceutrosphere

is present, cs in figs. 7 and 8 ; the centrosphere at this stage

lies near the nucleus, often within a dent in the nuclear mem-
brane, as in PI. 14, fig. 8. In some cases contrioles or small

granules within the centrosphere can be made out, as in

fig. 8, cs. In the youngest oocytes the centrosphere may be

surrounded by a cloud of granules which have been identified

as mitochondria (m), fig. 7.

In older oocytes the mitochondria, as happens in all verte-

brate eggs, gradually pass away from the ceutrosphere, and

become spread out into the cytoplasm (fig. 8) ; they tend to

collect as matted granules and filaments, particularly in the

region of the periphery of the egg, and become difficult to

demonstrate at and after this period.

10. On the Early Establishment of a Polarity in

the Platypus Oocyte.

All the oocytes examined showed a distinct polarity, in

that the nucleus had taken up a position to one side of the

oocyte cytoplasm. I believe that this polarity has no relation-
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ship to the plane of the surface of the ovary, nuclei being found

lying inwards, outwards, or sideways to an axis drawn directly

down at right angles to the surface of the gonad.

From the material examined it is impossible to understand

completely the mode of origin of the polarity in the young

oocytes, but from our knowledge of many vertebrate oogonia

we are aware that when in this early stage the nucleus tends to

lie to one side of the cell. The polarity of the Ornithorhynchus

oocyte is therefore probably established during the oogonial

stage, either as the accidental result of the position of the centro-

somes and centrospheres of the daughter-cells during oogonial

divisions, or as a subsequent and more expressly determined

movement of the oogonial nucleus within the cytoplasm,

at a stage just before the inception of the prophases of the

heterotypic divisions. The former is most likely.

This polarity of the oocytes persists throughout their entire

growth, marking permanently the position of blastoderm and

vegetative pole of the full-grown oocyte, and of the part of the

egg in which the latebra will be formed.

11. Formation of Egg-membranes.

The egg-membranes on the ovarian oocyte of Ornitho-

rhynchus are a theca (externa and interna), a follicle, and

a zona pellucida.

In all the youngest oocytes that have been observed the

follicle is well formed ; it is shown in PI. 14, figs. 7 and 8, fol,

and much enlarged in fig. 9. In the latter figure the follicle

is seen to consist of one layer of flattened cells, overlying the

substances of the oocyte (oc). In good preparations it is

possible to recognize clearly a limiting or true cell-membrane

around the egg-cytoplasm, om, in PL 14, fig. 9. Distinct cell-

walls between the individual cell elements of the follicle were

generally difficult to find, but are probably always present.

In PI. 14, fig. 12, the same region of an older oocyte is drawn.

The follicle cells as such could not be identified in this prepara-

tion, but the nuclei and general cell-substance have increased

greatly in size. Just at this stage a new arrangement of the
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individual elements of the follicle begins to take place ; the

nuclei dividing rapidly, soon become too large and too

numerous to lie all in one row in the follicle, and gradually

certain nuclei are displaced, as shown in PI. 14, fig. 12, and

ultimately a two-layered follicle results (PI. 14, fig. 11, fol).

Two-layered the follicle remains all through its subsequent life.

Now comes one of the events most difficult to understand

and interpret—namely, the formation of the zona pellucida.

Possibly, however, judging from the accounts of workers who
have studied other material, Ornithorhynchus presents the

problem in a less difficult form, though there are some points

which are still far from clear to me.

A glance at PI. 14, fig. 9, gives one an impression of the condi-

tion of the egg-membrane (om) at this early stage—the mem-
brane is a true cell-wall, and nothing else at this period.

Now in PI. 14, fig. 12, the egg is considerably older, and two

new structures have appeared : one is the substance marked

pz, the otlier the fibrillae marked cf. The substance marked

pz is the precursor of the zona pellucida, while the fibrillae, cf,

grow to form the much larger structures shown in PI. 14, fig. 14,

at CF. The fibrillae serve as connecting elements between the

zona pellucida and the outer cell-membrane (om) of the oocyte

cytoplasm.

In none of the best slides I examined could I be sure that

cell-walls existed at the stage draw-nin PI. 14, tig. 12, just when
the pre-zona substance is becoming clearly marked. The

follicle nuclei appear to lie within a syncytium, but in my
mind there exists no doubt that the pre-zona material is formed

in or by the follicle cells. The substance might possibly be

intercellular, as described by Miss Thing, but it is certainly

derived from the follicle ; moreover, up to the last step in the

development of the oocyte the follicle cells lie in close relation-

ship with the zona, as in PI. 14, fig. 13, and when the egg is

extruded the naked edges of the follicle cells are left, apparently

supporting the view that the zona and the follicle w^ere pre-

viously most intimately related. This is all I can write with

reference to the development of the zona.
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In a well-advanced oocyte the zona and the underlying

structures appear as drawn in PI. 14, fig, 14. The zona has

stained black with haematoxylin ; beneath the zona is the

true cell-wall of the egg (om), which is quite thick. I call this

the true cell-wall of the egg because I believe it can be traced

back to the undoubted cell-wall of the earliest oocyte, marked

OM, in PI. 14, fig. 9. In PI. 14, fig. 14, the cell-wall (om) is con-

nected to the zona by a large number of cortical fibrillae
;

these, marked cf in PL 14, figs. 12 and 14, probably serve the

dual purpose of attaching the zona firmly to the egg, and of

acting as living protoplasmic connexions between the nutrient

bringing follicle and the receptive interior of the egg.

Outside the theca itself is possibly another layer of less

closely packed, often obscurely defined cells, which can be

recognized as a theca externa, distinguishable from the true

theca, or theca interna (PL 14, fig. 13, th and ostr). The theca

externa, like the true or inner theca, is formed by cells which,

sympathetic to the development of oocyte, become slightly

flattened and help to form a supporting and vascular capsule

for the egg.

12. Yolk Formation in the Platypus.

The egg of Ornithorhynchus is macrolecithal and an extremely

difficult object to section. Its yolk, like that of the frog's egg,

stains densely in iron alum haematoxylin. PL 12, fig. 3, gives

an idea of the appearance of a section stained by this method.

In another paper ^ on the full-grown egg (shortly in press),

in PL 1, fig. 1, the enormous number of yolk-granules can be

noted. After fixation of the ovary in acetic acid fixatives,

the formation of the yolk is seen apparently to be heralded by

the appearance of a number of vacuoles beneath the periphery

of the egg. These vacuoles, which are shown in PL 13, fig. 4,

at B, are probably filled with a lipoid substance of some sort,

for at this stage the egg preserved in chrome-osmium does not

exhibit such vacuoles.

^ In this paper is described the polar body formation and minute struc-

ture of the latebra of the maturing ovum.
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Now at a later stage of oogenesis as seen after non-osmicated

fixatives, the yolk-granules are observed to appear beneath or

within the wall of vacuoles, as shown in PI. 13, fig. 4, c. This

stage is drawn at a higher magnification in PI. 13, fig. 5 ; the

vacuoles are at v, and lie below the non-vacuolated clear outer

zone of the egg (oz) ; here and there on the trabeculae between

the vacuoles, but mainly beneath the vacuoles themselves,

are found in all stages of development yolk-spheres, ya, yb, yc.

Beneath this row of yolk-elements the egg-cytoplasm again

becomes non-vacuolated, forming a distinct inner zone at this

period iz.

At a still later stage the inner zone free from yolk still persists,

but smaller in extent comparatively with the rest of the egg

(PI. 13, fig. 4, d).

The individual yolk-granules may be noted to become formed

within certain of the clear vacuoles. In PI. 13, fig. 5, the vacuole

at ya contained a partially formed yolk-granule, or in other

words was filled intra vitam with yolk-substance so thin in

quality as not to be firmly coagulated by the fixative, and

thus gave the shrunken appearance noticed in ya and yb.

The yolk-sphere at yc was older and became fixed more

intensely, not undergoing shrinkage.

I feel sure that many of the yolk-granules form by additions,

from the surrounding cytoplasm, to the fluid contents of the

vacuoles. The latter appear first, and then their contents

become richer and richer, till the yolk-granule is completely

formed. From the material available I was unable to say

whether the mitochondria take any part in yolk formation.

13. Formation of Latebra.

In PI. 13, fig. 4, are several stages in the formation of the

latebra ; in fig. 4, b, the oocyte cytoplasm presents a ring of

vacuoles which divide the egg into two parts, an outer (b)

and an inner (bl) ; the latter forms the main part of the

latebra. The latebra is that part of the inner region of the

egg where no coarse yolk-granules are ever formed.

In PI. 13, fig. 4, c, a later stage is shown ; the yolk-granules
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have begun to form beneath the layer of vacuoles, and the

clear space inside will form the body of the latebra. Keference

to PI. IB, fig. 5, will show that not all the inner non-vacuolated

area (iz) forms latebra, for at ya to yc is an area in which yolk-

granules appear in this region.

In PI. 14, fig. 13, a still later stage is drawn ; this oocyte is

interesting because it shows how the formation of coarse yolk-

granules (oz) never takes place in the region beneath the

nucleus (nu). It is just in this region beneath the nucleus that

the cone of protoplasm (cp in Text-fig. 1) and the upper part

of the latebra meet to form the so-called Nucleus of Pander.

The latebra, at a later stage, is shown in PI. 13, fig. 4, d.

At UAL the neck of the latebra is distinguishable and the sub-

stance of the latebra itself (bl) has become very vacuolated,

as indeed has the whole egg, especially after preparation in

acetic acid corrosive fixation.

In another forthcoming paper the appearance of the latebra

in the fully-formed egg has been described. It should be

noted that the latebra is not formed by the path left by the

movement of the nucleus, as is thought by some to be the

method of origin of this structure.

14. A Fully-formed Egg (diameter 4 mm.).

In PI. 12, fig. 1, is a figure, only slightly diagrammatic, of

a fully-formed egg of the duck-billed Platypus. On the

outside is the thin shell-membrane (sm), which owing to the

contact of the fixatives had become somewhat bent and
irregular. Beneath the membrane is a layer of albumen or

white (w), which is seen in finished sections as a flocculet

lightly-staining substance. The egg-white has been pushed out

of place on one side by the bending of the shell-membrane.

The rest of the egg is formed of the ovum (oocyte) proper.

It is bounded on the outside by a very thin membrane (z)

called by Caldwell the vitelline membrane, and which I believe

to be the zona. In the egg drawn are two distinct areas, an

outer (ozy) and an inner (iry) yolk-zone.

The latebra passes up from the centre of the egg (lzl) to
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the region generally called the Nucleus of Pander (ual) beneath

the hlastodisk (bu), in which the nucleus (nu) is situated.

For further details of the egg proper the other paper should be

consulted. The neck of the latebra and the region of the Nucleus

of Pander has been described therein more fully.

Faithful drawings of the shell-membrane and its under-

lying areas have been made by Caldwell, and will be found in

his paper.

The average size of the fully-formed egg of the platypus is

about 4 mm. ; but, as Wilson and Hill have pointed out, it

soon absorbs liquid from the uterine walls, and grows to 12 or

14 mm. at the time of laying.

15. Note on Spermatogenesis.

Among Professor J. P. Hill's material were some sections

of Ornithorhynchus testis, and in PI. 13, fig. 6, I have given

a drawing of a part of one semeniferous tubule and some

interstitial tissue. Very good figures of the spermatozoa have

previously been made by Retzius and Benda.

Two of the most striking facts about the histology of the

platypus testis are the large size of the cells of the interstitial

tissue (int) and the remarkable development of the Sertoli

cells (sc). The latter seem to be derived directly from the

basement cells or primitive spermatogonia, and I could find

nothing suggestive of the presence of any kind of Sertoli cell

determinant as described by Montgomery for man. In the

platypus the primitive spermatogonium probably becomes

a Sertoli cell merely in sympathy with the development of

a group of spermatocytes above it. At spt (lower) are a group

of spermatocytes nearly full grown, and beneath them, at ysc,

is a cell which is in the same series as the primitive spermato-

gonia above and below (spg), but which is hypertrophying step

by step with the group of spermatocytes near by. At so is

a Sertoli cell ready for the fixation of the spermatids (spd^)

which is just beginning, and at spd" is a Sertoli cell with the

later spermatids all attached. At spz is a group of ripe sperms

attached to a fullv-formed Sertoli cell. The sperms are not
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spatulate, but resemble those of reptiles and birds, except that

the cytoplasmic part is relativel}'' shorter.

16. Discussion.

Probably the most interesting fact ascertained by an examina-

tion of this material of the Platypus is the presence of a large

hollow cavity in the young ovary. This is undoubtedly

a primitive character, which is noticeable even in the adult

ovary, in the form of numerous lacunae throughout the stroma

of the ovary.

The stroma of the ovary of the Platypus evidently appears

early as a number of separate chords of cells which probably

grew into the hollow sac-like ovary at a late stage of embryonic

history. The ovary of the original vertebrate seems to have

been a sac-like structure, the stroma being a new formation
;

the cells which in Ornithorhynchus constitute this loose stroma

seem to have been formed by a retro-peritoneal invasion, but

as has been pointed out above, they never quite fill the cavity

even of the adult ovary.

The egg of Ornithorhynchus is discharged from the ovary

in quite a different way from that of the placental mammal.
In the latter the oocyte, with a corona of follicle cells, breaks

loose from the glomus proligerus and the release of the egg

from its cellular bed involves only part of the follicular elements.

In the case of the egg of the Platypus breakage involves the

entire follicular layers, as in the case of the frog's ovary, and

no liquor folliculi is present or takes part in the expulsion of

the egg.

The formation of the yolk resembles that of the bird described

by Van Durme, and the latebra forms in the same manner.

Some, at least, of the yolk-spheres are formed as in birds,

i. e. by the appearance of watery vacuoles in the ground

cytoplasm, and the subsequent loading up of the contents of

these vacuoles with fatty and proteid substances, thus con-

stituting coagulable and ' soHd ' yolk-spheres.

The zona appears to be formed from a substance which is

intracellular at first ; but it must be admitted that the

NO. 263 M m
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matter was dit'ticult to docido. In none of the pivparations

could distinct cell-walls be found in the follicle at the period

when the zona substance was beginning to appear. There is

no doubt in my mind that the substance of the zona is formed

in direct relationship to the cells of the follicle, and the cyto-

plasm of the egg probably takes merely a secondary or stimu-

latory part in the; production of this important membrane.

T\w mitochondria, so far as they could be followed out,

act in the same manner as in both the fowl and the frog, and the

young oocyte contains the same formed elements as that of

the fowl, i. e. sphere, centrioles, and cloud of mitochondria.
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Explanation of Lettering.

A, youngest oocyte found, at, area of attachment of ovary to body-wall.

B, oocyte at beginning of formation of latebra. bd, blastoderm, bl, inner

region of egg, which will form part of latebra. bv, blood-vessel, c, egg at

stage of beginning of yolk formation. CA, cavities in ovary. CF, cortical

fibrillae, beneath zona, en, chromatin, cs, centrosphere. dy, dark-

staining yolk. FOL, follicle of egg. ge, germinal epithelium, int, inter-

stitial tissue of testis, try, inner region of yolk, ivz, inner vacuolated

zone of egg. iz, innermost zone of oocyte, lzl, lower zone of latebra.

M, mitochondria. NU, nucleus, nub, darkly-staining nucleolus. Nup,

faintlj'-stainhig nucleolus, oc, cytoplasm of oocyte, ofol, outer limiting

membrane of follicle, om, cell-wall of oocyte, oo, oocyte, oox, small

oocyte compressed by growth of a larger one. ostr, outer region of theca

(theca externa), oz, outer or peripheral zone of oocyte. OZY, outer zone

of yolk. PY, pale yolk. PZ, pre-zona, or substance which forms zona

pellucida. sc, Sertoli cell of testis, sm, shell-membrane, spd, 1 and 2,

two stages of spermatids, spg, spermatogonium, spt, spermatocyte.

SPZ, spermatozoon, th, theca (uaterna). tr, ovarian trabeculae. ual,

upper area of latebra. v, vacuole, w, egg white, x, material formed

probably by degeneration of oocytes, xy, enigmatic plasmatic body in

young oocytes, ya, yb, yc, stages in formation of yolk-spheres, z, zona.

DESCEIPTION OF PLATES.

Plate 12.

Fig. 1.—Fully-formed egg of Ornithorhynchus paradoxus,
in vertical section. Shows latebra, yolk, albumen, and shell-membrane.

Fig. 2.—Transverse section of a young ovary showing cavity (ca) and

loose trabeculae (tr), and cortically arranged oocytes (oo).

Fig. 3.^—Fully-developed ovary of Ornithorhynchus, oocytes blacked in.

Cavities in stroma (ca) cross-hatched.

Plate 13.

Fig. 4.—Part of adult ovary more highly magnified showing oocytes

in different stages. The numerous cavities in the stroma are evident, and

several stages in the formation of the latebra are given (b, c, d). In the

egg D, the follicle is only put in below.

Fig. 5.—Part of the egg at an early stage of yolk formation, as in

fig. 4, c. Cortical vacuoles and deeper yolk formations are shown.

M m 2
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Fig. G.—Part of the testis of Ornithorhynchus. For description see

p. 492 of text.

Plate 14.

Figs. 7 and 8.—Two of the youngest oocytes or Ornithorhynchus,

sliowing s])hcrc and mitochondria.

Fig. 9.—Edge of young egg showing relationship of follicle to cell

(oocyte) membrane.

Fig. 10.—Egg at time of formation of prc-zona (pz) follicle, one-layered.

Fig. 11.—Later stage, zona formed, follicle two-layered.

Fig. 12.—Follicle and part of egg at stage little later than in fig. 10,

showing pre-zona substance apparently within follicle wall. Two layers

of nuclei just forming in follicle.

Fig. 13.—Detail of later egg, showing membranes. Mitochondria at m.

Fig. 14.—Cortex of later egg showing arrangement of layer beneath the

zona.



Quart. Journ. Micr. Sci. Vol 66, N.S., PI 12.

1.

BD .NU

UAL ---

SM

W

2. 3.

oo

Gatenby, del.





Quart. Journ. Micr. Sci. Vol. 66, N.S., PI. 13.

UAL

6.

f^^^ : SC >

iC I
i:4:- •.'',^V4.^v'„^<,';-..^,4j__^.

iz



I



Qua/rtJou/?-n.MicrrS(yi. Vol 66 NjS.,PI M
7 ^ ^"^ 8,

"^?H.
'^'^^'.V

FOi.

a^>'v

?^>^2





Note on the Comparative Effects on Tissues of

Isotonic Saline and Distilled Water when
used as Solvents for Mercuric Chloride and
Pormol in Histological Fixation.

By

H. M. Carleton,

Lecturer in Histology, University of Oxford.

(From the Department of Physiology.

)

Introductory.

Should a simple fixative such as mercuric chloride or formol

be dissolved in normal (i. e. isotonic) saline or in water ?

Curiously enough, observations are lacking on this simple but

fundamental point.

Gustav Mann (6) states that formol should be diluted with

isotonic saline ' because watery solutions cause such tissues as

blood corpuscles and the central nervous system to swell up

in whatever strength formol may be used '. That, moreover,

is the only reference based (apparently) on actual observation

which has come to my notice.

Most authorities on microscopical technique (Langeron, 3 ;

Mallory and Wright, 5) advise that solutions of mercuric

chloride and formol be prepared in distilled water, while Lee (4)

advocates the dilution of formol with tap water, the salts in

this tending to neutralize the free formic acid always formed

after formol has been kept for any length of time. Finally,

among practising histologists and pathologists there does not

seem to be any consensus of opinion on the subject. Some
consider that it is immaterial whether mercuric chloride or

formol are dissolved in saline or water ; others hold that it is

' safer ' to make up these substances in saline.

The aim of these observations was to note the tissue-changes
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(if any) caused by niakinj^ up mercuric chloride or forniol in

distilled water or in isotonic saline.

Technique.

In these experiments every attempt was made to modify

only the tonicity of the sodium chloride and that alone. To

attain this end the following precautions were observed :

(1) The concentration of the substance employed as a

fixing reagent was kept constant throughout the series, that

of the mercuric chloride being G per cent., that of the formol

5 per cent. The solutions of the latter were all prepared from

the same sample of conmiercial (40 per cent.) formol, since the

strength of this substance is very liable to variation, especially

after keeping. 15y 5 per cent, formol is meant a 5 per cent,

solution of formaldehyde, i.e. a solution prepared by diluting

one volume of 40 per cent, formol with seven volumes of

water.

(2) The same volume of fixative (50 cc.) was always used.

(3) Care was taken in cutting out the pieces of tissue for

fixation to keep them, so far as was possible, of the same size.

(4) The conditions of embedding and staining were kept

constant. The tissues were dehydrated in ascending grades

of alcohol—beginning with 50 per cent, alcohol—cleared, and

embedded in paraflfin all in exactly the same manner. To

reduce cell-shrinkage during these processes to a minimum,

the tissues were passed from absolute alcohol to a mixture of

equal parts of absolute alcohol and xylol. They were then

transferred to pure xx\o\, next to xylol-paraffin, and finally

to pure paraffin. Further, all tissues were cut at the same

thickness (8 fi), and, as a final precaution, the sections used for

microscopic observation were taken after 50 cm. of the ribbon

containing the sections had been cut on the microtome. In

this way the sections were all taken from approximately the

same depth beneath the surface of the piece of tissue—a point

of some importance in view of the tendency of many fixatives

to shrink the periphery more than the centre of tissues. Sections

were stained on the slide with Ehrlich's haematoxvlin and
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eosin as a standard method, supplemented by Heidenhain's

iron-haematoxylin followed by Lichtgrun.

(5) Finally, the question of personal bias (far more important

than is generally supposed) was dealt with in the following

manner : the identification numbers on the slides were covered

with unmarked labels. The degree of tissue-change was then

carefully noted for every slide in each series. Only then were

the labels taken off the slides. I am convinced that methods

such as these are necessary if minute differences in tissues

either in response to variations in the fixative or, indeed, to

any other factors, are to be accurately recorded.

It is usually impossible to check histological observations

by quantitative methods. Only in certain specialized spheres,

e. g. the counting of cells in body and other fluids, can this be

done. It is therefore imperative in qualitative observations

—

such as those forming the subject of this note—to adopt every

means whereby the conditions of experimentation can be

standardized, and the personal factor reduced to a minimum.

The Comparative Effects of Using Normal

Saline and Distilled Water as Solvents for

Mercuric Chloride and Formol.

Amphibian and mammalian tissues were used for these

observations. The following organs were studied :

In the Frog .—Liver and small intestine.

In the Cat.—Liver, duodenum, and kidney.

Liver was chosen because the relatively large size of the

hepatic cells renders observation of their size and shape com-

paratively easy. The abundant blood in the sinusoids of this

organ also enables the behaviour of the red blood-corpuscles

to be noted.

Small Intestine was selected because it makes possible

the study of two different tissues—epithelium and non-striated

muscle—in the same section.

Kidney was studied partly because of the histological

differences in the different portions of the urinary tubule,

partly on account of the sensitivity of renal tissue to the action
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of fixatives. For in this connexion it is a matter of common
knowledge that fixed specimens of kidney frequently show

swelling or (more usually) shrinkage of the renal epithelium.

The frogs were killed by pithing, the cats by a blow on the

head. The tissues were fixed immediately after death.

Amphibian (Frog) Tissues.—The concentration of the

normal (isotonic) saline was 0-6 per cent. Two frogs were

used, i. e. the experiments were once repeated so as to observe

whether the effects were constant.

(1) 6 per cent. Mercuric Chloride in 0-6 per
cent. NaCl.—The preservation of both liver and intestine

is normal. There is no evidence of either shrinkage or swelling

of the cells. The shape of the red blood-corpuscles is normal.

(2) 6 per cent. Mercuric Chloride in Distilled

Water.—Tissues fixed in this solution are indistinguishable

from those fixed in no. 1.

(3) 5 per cent. Formol in 0-6 per cent. NaCl.

—

The fixation is normal and comparable to that obtained with

mercuric chloride dissolved in the corresponding grade of

saline (no. 1).

(4) 5 per cent. Formol in Distilled Water.—
Liver.—The cells are normal in size and shape. Their cytoplasm

is vacuolated, and the whole appearance suggestive of some

change—probably of the nature of a partial solution of the

cell-contents—brought about by fixation. There is no distor-

tion of the red blood-corpuscles in the sinusoids. Intestine.

—

In some specimens the epithelium is normally preserved, in

others the columnar epithelial cells are vacuolated and some-

what swollen. The muscular coats of the intestine are well

preserved.

Mammalian (Cat) Tissues.—The concentration of the normal

saline employed in this series was 0-9 per cent. The observa-

tions were once repeated, as for the frog series.

(1) 6 per cent. Mercuric Chloride in 0-9 per cent.

NaCl.—Liver.—The fixation is normal. The red blood-

corpuscles are not distorted. Duodenum.—Both intestinal

epithelium and muscle are well fixed. Kidney.—The fixation
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varies in the different segments of the renal tubules ; the

glomeruli are somewhat shrunken, while there is absence of

shrinkage in the other portions of the renal tubules, i. e. the

fixation is fair in the first and second convoluted tubules,

in the ascending and descending portions of the loops of Henle,

and in the collecting tubules.

(2) 6 per cent. Mercuric Chloride in Distilled

Water.—Liver.—Fixation normal. There is no distortion of

the red blood-corpuscles in the sinusoids. Duodenum.—Both

epithelium and muscle are well preserved. Kidney.—Some
glomerular shrinkage ; the other elements of the renal tubules

are normally fixed.

(3) 5 per cent. Formol in 0-9 per cent. NaCl.

—

Liver.—Cells normal in size and shape. No distortion of

the red blood-corpuscles. . Duodenum.—Epithelium well pre-

served ; some shrinkage of the fibres in the muscle-layers.

Kidney.—No distortion of the glomeruli ; there are small areas

in the medullary rays showing swelling of the tubule cells

—

especially in the loops of Henle. Sometimes the swelling of

the renal epithelium is so marked that the lumina of the tubules

are almost obliterated.

(4) 5 per cent. Formol in Distilled Water.—
Liver.—There is neither shrinkage nor swelling of the cells.

Examination of iron haematoxylin sections with the high power

reveals faulty fixation of the ground cytoplasm, in that the

latter has the appearance of having been partially dissolved by

the fixative. The red blood-corpuscles in the sinusoids are

not distorted. Duodenum.—Epithelium well preserved ; slight

shrinkage of the fibres in the muscle-layer. Kidney.—Both

glomeruli and tubules are slightly shrunken.

Note on the Effect of using Hypertonic Saline
as a Solvent for Mercuric Chloride and
F rm 1

.

To ascertain whether increasing the concentration of the

NaCl would produce cell-shrinkage, observations were made
on amphibian and mammalian tissues. The fixatives already
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employed (and in the same proportion to the volume of the

solvent) were made up in saline solutions of double the

normal concentration, i. e. of 1-8 per cent, and 1-2 per cent, for

the cat and frog respectively.

The results for both cat and frog tissues may be summarized

as follows :

6 per cent, mercuric chloride and 5 per cent, formol dissolved

in saline of double the normal concentration caused shrinkage

of the tissues examined. The degree of shrinkage was notably

greater in the formol than in the mercuric chloride series.

Further, while intestinal epithelium is relatively tolerant to

this increase in the tonicity of the NaCl, intestinal muscle and

liver are less so. Kidney showed both glomerular and tubule

shrinkage—especially in the formol series. The red blood-

corpuscles of the cat were crenated and distorted, while those

of the frog retained their normal shape. Finally, the mito-

chondria of the hepatic cells, after staining with iron haema-

toxylin, were found to remain unchanged no matter whether

the fixative (mercuric chloride or formol) were made up in

distilled water, isotonic saline, or hypertonic saline of double

the normal concentration.

Conclusions.

It appears to be of no histological importance whether

saturated (6 per cent.) solutions of mercuric chloride be dissolved

in normal saline or in distilled water. No differences could

be detected in specimens of liver, small intestine, and kidney

fixed in either way, nor would there be any reason to expect

such differences on a priori grounds. For the relatively

high molecular concentration of the HgClg is only very slightly

altered by dissolving it in either isotonic saline or in hypertonic

saline of double the normal concentration. In fact, the only

effect of making up a concentrated solution of mercuric chloride

in normal saline is slightly to increase the tonicity of the

mixture.

In the case of a 5 per cent, solution of formol the evidence is

that . this reagent fixes tissues more faithfully when made



ISOTONIC SALINE AND DISTILLED WATER AS SOLVENTS 507

up ill normal saline than in distilled water. When dissolved

in the latter the ground cytoplasm is often vacuolated, and,

sometimes, partly destroyed.

Subject to revision in the light of further observations,

I suggest the following as an explanation of the distortion of

tissues caused by fixation in 5 per cent, formol made up in

distilled water. As already pointed out, the only effect of

dissolving mercuric chloride in normal saline is sliglitly

to increase the molecular concentration of the mixture. But

in the case of formol this is different, for the low molecular

concentration of 5 per cent, solution of formol (as compared

to 6 per cent. HgClg) is ajypreciahly increased by making

it up in normal saline instead of distilled water. This means

that while a given concentration of formol in normal saline

may be isotonic with tissues, the same concentration of

formol in distilled water may be sufficiently hypotonic to

cause distortion and swelling of cells.

Solutions of mercLiric chloride and formol when dissolved

in hypertonic solutions of saline of double the normal strength

give rise to tissue-shrinkage. This shrinkage is more marked

in the formol than in the mercuric chloride series. Further,

the degree of shrinkage induced by the fixative varies greatly

—

as is well known—with different tissues.

These remarks concerning the dilution of mercuric chloride

and formol in distilled water and in isotonic saline only apply

to these two fixing reagents used in the concentrations already

mentioned, these being, moreover, the concentrations at which

they are the most commonly employed. The question of the

tonicity of compound fixatives is omitted, for here, as claimed

by Gatenby (1 and 2), the strength of the fixative is regulated

by diluting it, if necessary, with distilled water. Thus, if

fixation in a chrome-osmium mixture produces cell-shrinkage,

the fixative should be diluted with a known volume of distilled

water. This trial and error method is repeated until the dilution

of the fixative is such that it does not cause shrinkage by

a too rapid exosmosis from the cells.
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The practical outcome of this note, then, is that while

it is immaterial whether a concentrated (6 per

cent.) solution of mercuric chloride be dis-

solved in isotonic saline or in distilled water,

formol of 5 per cent, should be made up in

isotonic saline and not in distilled water.
In conclusion, I have to thank Professor Sir Charles Sherring-

ton for his interest in my work and for according me every

facility in his laboratory.

March, 1922.
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This work was conducted by us with the same division of

labour as the research on the intestine, its appendages and

ferments in the scorpion, pubhshed previously. E. Pavlovsky

undertook the zoological part of the work—the dissection of

live bees, the preparation of the intestine, and the preparation

of extracts from its parts. The chemical investigation of the

ferments of these extracts was subsequently done by E. Zarin.

Anatomical Part.

The intestine of the bee formed the subject of investigation

for many scientists (for literature cf. Zander, Snodgrass),

therefore its general anatomical relations may be considered

to be sufficiently elucidated.

We shall limit ourselves to the description of the general

organization of the intestine and point oat some peculiarities

in its microscopical structure, whilst the literature on the

question will be omitted.

The intestine of the bee consists of the fore-, mid-, and hind-

guts (PI. 15, figs. 1-3). The fore-gut begins with the pharynx,

which passes to the oesophagus dilating into the honey-

stomach, crop, or ingluvies (PI. 15, figs. 1-3 ; PL 16, fig. 4, ?').

The latter passes by means of the cardial valve into the ventri-

culus (mid-gut or stomach, -vi). The hind-gut is divided into

the anterior portion—the small intestine (it), and the posterior

—

the large intestine (-r) with the rectal glands (rr/).

The Malpighian vessels {mp) open on the border of the

ventriculus and the small intestine.

F o r e - g u t

.

The Fore-gut (pharynx, oesophagus, ingluvies)

is lined within by a chitinous cuticle, to the exterior of which

lies a layer of non-glandular epithelium (PI. 16, fig. 5, ep) resting

on memlirana liasilaris. The latter is co\ered by a network

of transversally striated muscle-fibres lying in two layers

—

circular and longitudinal (PI. 16, fig. 5, W4. m.^).

The valve of the ingluvies is represented by a capitulated
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eminence of the bottom of the inghivies. The capitukim

consists of four valves between which there is a cruciate slit

(PL 16, fig. 5, pc). The valve is provided with three systems of

muscular fibres—two longitudinal (PI. 16, fig. 5, m^, Wg) and one

circular (PI. 16, fig. 5, m^) between them. The former serve to

open the valve, the latter to close it. The capituhim of the

valve is set on a trunk connecting it with the stomach. From
the circumference of the ventricular opening into the intestine

hangs an intestiniform cardial valvule preventing the contents

of the stomach from returning into the crop. All these data

w^ere already established by previous investigators.

Mid -gut (Stomach).

The stomach of the bee consists of a fairly thick cylindrical

tube with numerous circular constrictions on it corresponding

to which the epithelium of the stomach protrudes into its cavity

in the form of folds. The epithelium consists of cylindrical cells

which assume the shape of clubs on the ridges of the folds.

At the bottom of the depressions between them are situated

round groups of cells called cryptae. Exteriorly to the mem-
brana basilaris is disposed the connective tissue in the form of

small groups of cells. The muscular membrane of the stomach

is formed by two layers of transversally striated muscle-

fibres—interior circular, and exterior longitudinal.

(fl) The epithelium of the stomach consists of cells wuth an

alveolar protoplasm of basophil character (PL 16, fig. 7, ej)
;

figs. 9, 11, 13, ep). The oval nucleus with sparse chromatin

granules, or a dense network of them, lies in the middle of

the cell. In its protoplasm are produced oxyphil granules of

secretion which are numerous in the superficial portion of the

cells. In some sections the cells appear to be set on thin

peduncles and to have truncated apices. This picture, as well

as the formation of evaginated swellings on the surface of

the cells, is in most cases artificial (PL 16, fig. 12, hi).

The superficial layer of protoplasm of the epithelium is

transformed into a fairly broad band vertically striated and

bearing the aspect of a brush of cilia (PL 16, figs. 9, 11, 12, wp).

N n 2



512 E. N. PAVLOVSKY AND E. J. ZARIN

This hairy layor of protoplasm stains with iron haomatoxylin

in a groy colour, whereas the protoplasm remains black. The

hairy band is covered above by a cuticle (not chitinous)
;

together with the latter it is cast off into the cavity of the

stomach in the form of a peritrophic layer (PI. 16, figs. 6,1, p;
figs. 9, 10, p). This casting off is repeated many times, on

account of which in the stomach the membranes are disposed

in concentrical layers, sometimes in very great numbers

(PL 16, fig. 6, p).

The peritrophic membrane presents a structure known for

a long time in the articulated animals. With regard to the

bee Petersen has demonstrated that the said membrane of

this insect contains a proteolytic ferment. The significance

of the peritrophic membrane is interpreted in different ways.

Some investigators believe it to serve for the defence of the

tender stomach epithelium against mechanical injury by

vegetable food, especially by the flower pollen in the bee.

Such an interpretation cannot be extended to all Arthropods,

since an analogous formation is also present in blood-sucking

forms (Culex, Anopheles, according to Schaudinn), the liquid

food of which cannot do any harm to the walls of the stomach.

Probably those investigators are right who regard the peri-

trophic membrane as a cuticle formed by the secretion of the

stomach epithelium. Originating by transformation of the

surface protoplasm of the cells, the membrane itself presents

a hard secretion. In the depth of the hairy layer, as in a sponge

(PI. 16, fig. 9, jo),is retained the liquid secretion of the stomach,

on account of which the same quantity of ferment is capable of

acting for a longer period upon the food contained in the cavity

of the mid-gut. On account of the relative shortness of the

intestine this mode of action of the ferments is of special

significance, especially in herbivorous insects, since the food

does not pass through the intestine so rapidly, being detained

in the folds soaked with the digestive juices of the peritrophic

membranes. Thus, in our opinion, they compensate the

relatively small length of the intestine in insects.

(b) At the bottom of the folds of the stomach epithelium
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are situated groups of smaller cells forming crypts which are

weakly developed in the bee.

The cells of the latter are disposed in two or three layers

(PL 16, fig. 8 ; fig. 9, k). The deepest row situated on the

basal membrane is represented by the smallest cells (in the

section three or four of them are visible), covered above and

laterally by larger cells bordering directly on the epithelium

of the folds of the stomach (PI. 16, fig. 11, k). In general the

protoplasm of the cells of the crypts are more basophil than

the stomach epithelium (PI. 16, fig. 11, k, d). The nuclei of the

cryptic cells are large and poor in chromatin. As described by

Petersen we did not succeed in observing their karyokinesis.

Nasonov (1898), however, observed the process of division of

the nuclei in these cells.

The cryptal cells present the sources from which the stomach

epithelium is newly formed. Besides, their cells seem to

produce a secretion themselves as well. The following facts

confirm this supposition. The most superficial cells of the

cryptal are not adjacent to each other with their apices, so

that there remains an ovoid lumen between them in the shape

of a vacuole filled up with a drop of homogeneous secretion

staining pink with Giemsa's stain (PI. 16, fig. l,k; fig. 11, vc).

Besides, there is also observed an accumulation of secretion

above the crypta which is revealed by displacement to the sides

of the ' hairs ' of the superficial band of the stomach epithelium

(PI. 16, fig. 9, fe).

In general the secretory processes in the stomach of the bee

take the following course :

(1) Separation of the peritrophic membrane (PI. 16, fig. 6,2? ;

fig. 9, 'p), (2) production of secretion by the surface of the

glandular cells, (3) severance of the superficial portions of the

epithelial cells (PI. 16, fig. 8, d), and (4) separation of a homo-
geneous secretion by the cryptic cells (PI. 16, fig. \\,vc).

(c) The epithelium of the stomach lies on a basal membrane
clothed exteriorly by a transversely striated muscular mem-
brane, the muscle-fibres of which are very rich in sarcoplasm.

The muscle-fibrils are disposed in bundles occupying the greater
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part of the surface of the transverse section of the libre {I'i. 17,

tig. 15, mj) at the point where the sarcoplasrn and nuclei are

scarce, and half the diameter of the fibre where the sarcoplasrn

and nuclei are strongly developed. The nuclei always lie in the

sarcoplasrn nearer to the periphery of the muscle-columns

(PI. 16, tig. 14 ; PI. 17, fig. 15, 16, sp), and not between the latter

as in the analogous membrane of the small intestine (PI. 17,

hg. 18).

Hind -gut.

The hind-gut is divided into two parts—both in its anatomical

and histological structure—the anterior—small intestine (PI. 15,

fig. 3 ; PI. 16, fig. 4, it), and posterior—large intestine (Pi. 16,

fig. 4, /•).

Small Intestine.

The structure of the small intestine has already been estab-

lished by previous investigators. We may add to these some

details in the microscopical structure of its single-layered

cylindrical epithelium. The cells of the latter are covered on

their interior surface by a thick chitinous cuticle. The proto-

plasm of the cells is divided into two portions, the exterior

—

granular (PI. 17, hg. 17, d), and interior—characterized by a

rod-line striation (PI. 17, fig. 17, ds).

The fairly large rounded nucleus (n) lies nearer to the base

of the cell. Interiorly to it in the layer of granular plasm are

found large vacuoles with granules of secretion {vs). Both

the protoplasm and secretion of the epithelium of the small

intestine are oxyphil.

The basilary membrane of the intestine (PI. 17, fig. 17, mb) is

surrounded by circular muscle-fibres anastomazing with each

other. They are thick and their nuclei are disposed along the

axis of the fibres surrounded from, all sides by bundles of

myofibrils (PI. 17, fig. 18, cmf).

In general the small intestine of the bee is characterized

by the glandular character of its epithelium. The structure

of the intestine described may serve as evidence either of its

glandular function or of processes of absorption taking place
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in it, or, lastly, of its excretory role. We have hitherto only

established one fact for certain—the complete absence of fer-

ments in extracts from the small intestine of the bee.

Large Intestine.

The large intestine, similarly to the crop of the bee, presents

a thin-walled sac which is capable of expanding to enormous

dimensions, as seen by comparison of figs. 1 and 3 of PL 15.

During the whole winter the bees do not evacuate their excre-

ments, but continue taking food, on account of which their

large intestine becomes overfilled with faeces and swells into

a voluminous bladder.

The scheme of structure of the large intestine is the same

as in the crop. In the anterior third of its wall are situated

six elongated cylindrical rectal glands (PI. 17, fig. 19, nj), the

microscopical structure of which was in general features

correctly described by Snodgrass and Petersen,

We have also succeeded in establishing certain interesting

details elucidating the structure of these glands. From the part

of the cavity of the rectum each gland is covered by a chitinous

cuticle forming on the periphery of the organ a marginal fillet.

Within the gland there is an axial cavity (PI. 17, tig. 21, h)

dividing it into two parts—an exterior thin wall (iva) and

interior thick one (sn). The latter is formed by tall wedge-

shaped cells polyhedral in transverse section.

The exterior wall is formed by two layers of minute poly-

gonal cells (PI. 17, fig. 21, wa). At the point where both walls

join together there lies a syncytial layer of cells containing

pigment inclusions (PL 17, fig. 21, sn).

The exterior wall of the rectal gland (PL 17, tig. 20;

tig. 22, ica) is perforated in some places by tracheae (tr) which

pass into the cavity of the organ and penetrate with their

branches into its inner wall.

To these data, which are to be found in the literature, we

may add the following

:

The ramitications of the tracheae passing to the thick

inner wall of the rectal gland pass along the edge of the poly-
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hedral 'opitliolial cells (PL 17, figs. 23, 25, tr). The kyers of

protoplasm of tlu! latter adjacent to the tracheae consist of

a substance staining decsp black with lleideidiain's iron haema-

toxylin (PL 17, figs. 22, 25, z).

These bordering layers differ from the alveolar-granular

j)t'()toplasm of the cells in their dentate aspect ; in some
individuals they resemble coarse intercellular bridges ; in

others they are more weakly expressed ; their striation,

however, is always visible in a greater or less degree.

It is possible to trace the course of the tracheae to four-tifths

of the height of the cells. At this level the tracheae which have

hitherto pursued a radial course give ofi lateral branches

forming beneath the inner surface of the gland a network rich

in anastomoses (PL 17, fig. 24, tr). We did not observe anything

like the opening of ttie tracheae directly into the cavity of the

intestine in the rectum of the bee, as was described by Valle

in Diptera,

The protoplasm of the large cells is in general granular

in some individuals with a fairly distinctly expressed alveolar

structure. The protoplasm is oxypliil. To the chitinous

cuticle is adjacent a layer of protoplasm staining less and
bearing the aspect of vesicles lying close to each other. The

nuclei of the cells described are of an irregular round shape.

They are disposed either in the middle part, or basally, depend-

ing upon the degree to which the protoplasm is tilled up with

granular inclusions. The nuclei are poor in chromatin.

The variation in the contents of the cells described probably

is in connexion with the seasons of the year. In the hibernating

bee the large intestine of which had for several months been

filled up with faeces, the protoplasm of the large cells of

the rectal glands contains numerous globular inclusions and

minute granules (PL 17, fig. 21, gr). Both are oxyphil, wath

the exception of some of the larger granules. In some of

them are visible roundish portions not stained black with iron

haematoxylin. All these formations occupy the middle two-

thirds of the transverse section of the cell ; whilst in the basal

quarter of it lies the displaced nucleus (PL 17, fig. 21).
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The protoplasm of the rectal glands of bees taken m ordinary

condition, although granular, is devoid of the inclusions

described above (PL 17, tig. 22, d).

In bringing together these facts, we may speak of the absorp-

tive role of the rectal glands, which appears to be correct

a priori, on account of the long period during which the faeces

remain in the rectum in bees hibernating in our latitudes. The

microscopical structure of the tall epithelium of the gland

points to a possibility of true glandular processes taking place

in it. Below we shall discuss the conclusion according to which

the rectal glands present the source of seasonal production

of catalase, and the point of development of energetic oxidizing

processes which is evinced by the intimate connexion between

these organs and the tracheae.

Physiological Part.

There are few data in literature regarding the ferments found

in the organism of the bee. The first works in this direction

were conducted by Erlenmeyer and Planta in 1877.

The authors named dissected 152 worker- bees separating

head, thorax, and abdomen, and infused them separately in

glycerine. It was found that all the three extracts converted

starch to dextrin and sugar, and saccharose to inverted sugar,

the extracts from the head and abdomen being much more

active than that from the thorax. The extracts from the

head and abdomen also contained a ferment dissolving fibrin

of the blood, the latter extract being stronger than the former,

whilst that from the thorax produced no effect.

The methods applied by Erlenmeyer and Planta for the

preparation of extracts is of no use at all, since the exterior

division of the body of the bee into head, thorax, and abdomen
does not correspond at all to the division of the intestine into

its characteristic portions.

In 1912 Petersen, whilst studying a question on the digestion

in the bee, also made experiments on the determination of

ferments in the digestive organs of the bee. In glycerine

extracts from the stomachs of bees the author discovered the
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following tV-niients : diiistasc!, invertaso, and a proteolytic

ferment dissolving fibrin and splitting peptone. These are

essentially all the data to be had in literature on the question

discussed.

Methods used in Preparing the Material for

Chemical Investigation of the Ferments.

The only lit material is presented by live bees, live for

anatomical purposes. They are chloroformed and dissected

in physiological solution (0-75 per cent.) of common salt for

the preparation of the intestine. The removed intestine is

washed in a Petri dish with the physiological solution and

separated into the following parts : crop, stomach, small and

large intestines.

Each portion is further dissected in order to remove its

contents, washed in a fresh portion of the same solution,

and placed in a small evaporating glass with a small quantity

of desiccated sand and several drops of glycerine. After the

portions of the intestine of all the bees have been placed in

glasses, they are ground with a glass mortar until a uniformly

opaque emulsion is produced. Then to each glass is added the

necessary quantity of glycerine or some other liquid, the whole

is rapidly mixed and poured out into a jar with a hermetically

closing glass stopper.

Extracts were prepared with (a) glycerine, (b) distilled water,

(c) a mixture of equal quantities of the liquids named, and

(d) physiological solution of common salt. As an antiseptic

a few (5-10) drops of toluol were added. The jars were

several times shaken thoroughly and left to stand in the dark-

ness at the temperature of the room for different periods.

The density of the extracts varied. We started from strong

extracts, ninety bees per 30 c.c. of liquid, i.e. from each portion

of the intestine taken from ninety bees an extract was prepared

in 30 c.c. By degrees as the experiments progressed it proved

to be more practicable to take weaker extracts, until finally we

stopped at the proportion of 25 bees per 50 c.c. of liquid.
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Altogether thirty analyses were performed, a table relating

to the periods of which is adduced below.
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Catalase.

As is known, catalast' is a ferment widely distributed in the

animal and vegetable kingdom. Regarding its presence in the

body of the bee no data are known in the literature.

For the determination of catalase we employed a special

apparatus constructed by one of us (Zarin).

The process consisted in mixing 2 c.c. of corresponding

extracts of ferments with H c.c. of water ; to the filtered

mixture were added 10 c.c. -of freshly prepared 1 per cent,

solution of hydrogen peroxide ; the number of c.c. of oxygen
evolved being marked after the expiration of twenty-four hours.

It need not be mentioned that all the analyses were accom-

panied by control experiments. The results obtained in the

investigations are shown in Table II.

rpTable II. Catalase in the Intestine of the Bee.

A'w.

1

2

3

4

5
a

7

8

9
10

II

12

13

U
15

Dale of
Experi-

ment.

8 IV 1917
23 VI 1917
16x1 1917

1 IV 1918

15iv"l918

22 IV 1918
24 IV 1918
19 Yi 1918
2\Til918

4 vn 1918

7 vm 1918

21 vni 1918

Concentratio7i and
CinnjKisition of

Extract.

60 bees : 25 c.c. glyc.

30 bees : 12-5 c.c. glyc

30 bees : 15 c.c. glyc.-j-

15 c.c. water

'> >>

30 bees : 30 c.c. water
15 bees : 7-5 c.c. glyc.+

7*5 c.c. water

25 bees : 25 c.c. glyc.+
25 c.c. water

>> >>

15 drones : 7-5 c.c. glyc.

+ 7-5 c.c. water
25 bees : 25 c.c. glyc.+
25 c.c. water

Quatdity of Oxi/gen evolixd
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intestine produces it continuously during the whole year,

whereas in the rectum it was observed in our experiments only

in spring.

The latter circumstance is explainable by the fact that the

bee remaining in the hive during the six winter months does

not discharge its excrements and retains all the faeces till the

first spring flight. The discharge of catalase in the rectum

depends upon the accumulation of the faeces in it, and evidently

serves as a regulation of the different oxidizing processes and

destroys the surplus of peroxides in the intercellular meta-

bolism. On the day when the bees issue forth from the hive

after hibernation, after three hours of flight during which

they become evacuated, the catalase is contained in the large

intestine only in a small quantity, and after two days it dis-

appears altogether, as is seen from experiments no. 8 and

no. 9 in Table 11.

It would be interesting and important from the practical

point of view to ascertain the relations presented by catalase

in the southern races of bees, which hibernate for a very short

period in comparison with our northern bees.

It may be supposed a priori that in the rectum of the

southern bees less faeces are accumulated than in northern

bees, and that the oxidative processes in the former proceed

at a different rate from those in the latter. It is possible that

respective investigations would provide an explanation of the

failure to acclimatize southern bees in the north. The latter

on arriving in the north encounter unusual conditions of

a long winter, and have therefore to accumulate excessive

masses of faeces in their rectum. It is natural that these

bees, unaccustomed to such conditions, are liable to different

diseases, amongst which pernicious diarrhoea plays the first

role.

In order to ascertain whether the secretions from different

parts of the intestine stimulate each other when mixed together,

catalase was determined in all possible combinations of extracts

from parts of the intestines ; in each separate case 2 c.c. of the

extracts named below were taken

:
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activity of tho samo ferment, on the contrary, sharply increased

with the (kiration of infusion of the extract. Thus, already

after one day, the active power of catalase increases nearly

four times, and on the third day nearly six times ; only

beginning from the seventh day the activity began to decrease

sharply.

Curve 1.

'i.1 2 3 JOdays.

Curve representing the variation of the activity of catalase, according

to the length of uifusion of the intestine and in connexion with the method
of preparation of the extract (series of ex])eriments nos. 17, 20, 21. See

Table III).

Such a difference in the activity of catalase in the two

parallel experiments described is due, in our opinion, to the

mode of preparation of the extracts. \Anien the stomach is

finely minced and rubbed, and the cells of its tissues destroyed,

a maximum quantity of catalase is freed which gradually

becomes inactivated while the extract stands. In extracts

from intact pieces of the stomach in which but a small number
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of cells were destroyed, when it was cut into parts a smaller

quantity of ferment passes into the solution at once, its activity

sharply increasing. This increase may be explained in two

ways. Either the catalase continues to be produced by the

intact cells of the intestine or its amount remains the same,

but it only gradually passes from the tissue into the solution

according to the time the extract stands.

In the following two parallel experiments (nos. 20, 20 a, and

nos. 21 , 21 a) conducted for the control of the data just discussed

the picture was somewhat different. In extracts from rubbed

stomachs the immediate discharge of catalase in large quantities,

as well as its gradual decrease, was corroborated. However,

the increase of activity of the ferment in extracts from intact

stomachs was exhibited only in experiment no. 21 a, in w^iich

the activity of the catalase doubled in two days. In experiment

no. 20 a, however, the activity of the ferment in the extract

did not increase from standing, remaining on the same level

during five days.

The experiments adduced point to the great variety in

the action of catalase which depends on a series of conditions,

amongst which the individual character of metabolism in the

bee probably occupies the first place.

The solution of these questions should be the subject for

special research.

Amylase.

The presence of amylase in the organism of the bee was

discovered by Erlenmeyer and Planta and Petersen.

Erlenmeyer and Planta divided the bees into head, thorax,

and abdomen, rubbed these parts of their bodies with sand,

infused them in glycerine, and established in all three extracts

the presence of amylase which converted starch into dextrin

and sugar.

Petersen prepared fifty stomachs of bees, rubbed them

with sand, infused in 10 c.c. of a mixture of equal parts of

glycerine and 1 per cent, of sodium fluoride.

On acting with the extract obtained on starch solution

NO. 263 o
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Petersen arrived at the conclusion that the spHtting of starch

proceeds to the formation of dextrins. In our experiments

to 2 c.c. of corresponding extracts we added 0-1 c.c. of 0-5 per

cent, solution of soluble starch, 8 c.c. water, and 2 drops

of toluol ; the test-tubes with the mixture were then placed

for one hour in a water-bath at 45° C. At the expiration of

this period the contents of the test-tubes were cooled, and to

them iodine solution in potassium iodide was added by drops.

In all the experiments the extracts obtained from the

stomachs produced a positive result : after the addition of

iodine it always assumed a light-yellow coloration, whereas

the extracts from the remaining three portions of the intestine,

namely crop, mid-, and hind-guts, contained no amylase and

assumed a blue colour after addition of iodine.

Thus our experiments proved that amylase is present only

in the stomach of the bee, whereas the remaining portions of

the intestine do not produce this ferment. In this case the

splitting of starch proceeds not only to the formation of dextrins,

as Petersen's experiments have shown, but to the formation of

maltose and dextrose.

Owing to the presence of amylase in the digestive stomach the

bee can digest starchy food.

The fact that Erlenmeyer and Planta discovered amylase

in all the three extracts (from the head, thorax, and abdomen)

is explainable on the basis of our findings in the following

manner : the amylase in the extract from the abdomen

doubtless is derived from the stomach of the bee ; the same

ferment in extracts from the head and thorax are probably

produced by the salivary glands, since the fore-gut (oesophagus)

passing through the named part of the l:)ody does not produce

this ferment.

1 n u 1 a s e

.

As is known, inulase converts the polysaccharid-inulin into

levulose. Regarding the presence of this ferment in the intes-

tine of the bee there are no data in the literature. The results

obtained in our experiments allow us to conclude that the

intestine of the bee does not produce inulase.



ALIMENTARY CANAL IN THE BEE 527

Lactase.

Lactase is a ferment splitting the disaccharid—milk sugar

—

into monosaccharids—glucose and galactose. There are no

data in literature concerning the production of lactase in the

intestine of the bee. In our experiments the presence of lactase

was not established.

Invertase.

The presence of invertase in the organism of the bee was

first discovered by Erlenmeyer and Planta in glycerine extracts

from the heads, thoraces, and abdomens of bees. The extracts

from the heads and abdomens prove to be more active than

those from the thoraces.

Axenfeld divided the intestine of the bee into three parts

—

crop, stomach, and hind-gut. On acting with the named

portion of the intestine on the solution of saccharase, the greatest

activity was exhibited by the stomach, whereas the crop and

hind-gut inverted sugar very weakly. The author named

supposes that invertase is produced only by the stomach,

but a small quantity of it is transferred mechanically to the

hind-gut.

Li our experiments we added to 5 c.c. of 10 per cent, solution

of cane-sugar the tested extracts from the intestine of the

bee and drone in quantities shown in the table, the liquid

being placed—after addition of 1 c.c. of toluol as a conserving

medium—in the thermostat at 3G-40'' C. for twenty-four to

forty-eight hours ; then after cooling the liquid to the tempera-

ture of the room and adding 1 drop of ammonia, in order to

avoid birotation, the rotation of the plane of polarization was

determined in a tube of 200 mm.
The results obtained are adduced in Table IV.

On examining the data adduced in the table it is seen that

in regard to invertase the first two experiments differ essen-

tially from the remaining, notwithstanding the similar methods

employed in the analysis. Whereas in all the experiments,

except the first two, the extracts from the stomach show an

essential decrease of the right rotation of the polarization plane,

2
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in experiments no. 1 and no. 2 the difference between the

control and experimental solutions in this respect is so insigni-

ficant (0-07° and 003°) that it may be ascribed to error in

analysis, and it is impossible to draw any definite conclusions

from it. However, the great activity of invertase in the remain-

ing experiments points to the absence of this ferment in the

extracts tested in the experiments discussed. It is characteristic

that in regard to the remaining ferments (amylase, inulase,

lactase, lipase, pepsin, trypsin, and chimosin) there is no

essential difference between these two and the remaining

experiments.

As is seen from the table the two experiments named were

conducted late in autumn and early in spring when the bees

were in the stage of winter rest and fed on honey which, as is

known, consists chiefly of inverted sugar and contains no

saccharose at all, or contains it in insignificant quantities.

The significance of invertase both in the animal and plant

kingdoms lies in its capacity of converting saccharose into

inverted sugar directly assimilated by the protoplasm.

Since the ferment is produced by the cells chiefly when the

organism requires it, the absence of invertase in the first two

experiments are provisionally explained by the fact that the

bees feeding in winter on inverted sugar are not in need of it,

and do not therefore produce this ferment.

Cases in which the same organism is capable, according to

conditions, of different ferment-productive activity are not

rare ; sometimes the presence of a definite substance specific

to the given ferment is quite sufficient to activate it.

Thus, according to Oppenheiiner, some mucorines produce

no ferments when cultivated in media containing substances

assimilated by them directly. However, on addition of proteins

to the medium the same mucorine produces proteolytic fer-

ments on addition of starch-amylase, &c.

The investigations of Brown and Moris have shown that the

germ of malt does not produce amylase if the grains are culti-

vated in media containing sugars capable of assimilation.

Therefore, it is possible that the organism of the bee is also
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capable of not producing invertasc in detinite conditions.

At any rate, as is seen from the table, the tested extracts of

the same concentration manifest different activity.

If circumstances allow we shall dedicate special experiments

to the solution of the question discussed.

A further examination of the data adduced in the table

shows that only extracts from the stomach possess considerable

power of preventing the rotation of the polarization plane in the

suijjar solution, whereas those from the crop, small and large

intestines, are either altogether inactive or act very weakly.

E\idently these latter portions of the intestine do not produce

invertase, the latter penetrating there from the stomach

together with the food.

In experiments nos. 0, 7, S, 19. and 22, invertase was deter-

mined in extracts prepared immediately from the crop, small

and large intestines, the alteration in the rotation of the

plane of polarization being insignificant.

Tims we have arrived at conclusions coinciding with Axen-

feld's opinion regarding the place in which invertase is pro-

duced, i.e. that it is produced in the stomach of the bee.

The data of Erlenmeyer and Planta, according to which

greater activity ^^as manifested by extracts from the head

and abdomen of the bees than from their thorax, may be

explained as follows.

The origin of invertase from the abdomen should be referred

to the stomach of the bee. The greater activity of the extract

from the head of the bee, as compared with that from the

thorax, is explained by the fact that the salivary glands lying

in the head produce invertase, whilst those lying in the thorax

do not produce this ferment. Such an explanation is, of course,

only probable, and must be verified by special investigations.

After having ascertained the general relations exliibited by

invertase in the ventriculo-intestinal tract of the bee, we have

also conducted several preliminary experiments with the view

of a special stud}^ of the nature of this ferment.

Thus it was interesting to determine the influence of the

method of preparation of the ferment on the activity of inver-
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tase. Siiiiilcirly to the analogous experiments with catalase

(see Table III) we prepared extracts from finely rubbed

stomachs, as well as from separate pieces of it.

The results obtained from investigation of these extracts

are adduced in Table V.

The table shows that the rubbing of the tissues of the

intestine does not manifest any visible influence on the activity

of invertase, contrary to catalase. The slight difference

between the rotation of the polarization planes in extracts from

rubbed and intact stomachs is, probably, due to the indivi-

duality of the bees.

Further, we were interested in the influence of the quantity

of extract on the course of invertion of sugar. For the elucida-

tion of this question we have conducted a series of experiments

in which to equal quantities of 5 per cent, solution of cane-sugar

were added different amounts of the same extract from stomachs

of bees. After standing a day at +36-8° C. the rotation

of the polarization plane was determined in the mixture. The

results obtained in these experiments are adduced in Table VI.

On comparing the results of the experiments in Table VI

it is seen that by degrees as the amount of extracts increases

the quantity of inverted sugar in the solutions tested also

increases. However, there is no strict proportionality between

these increases. In general, as all the analyses have shown,

the ferment manifests a greater activity in smaller quantities,

whereas with the increase of quantity its activity decreases.

For instance, in experiments nos. 33 and 33 a 1 c.c. of extract

evoked a diminution of the angle of rotation on 1-63° and

5 c.c. of the same extract only on 3-19°. That the rate of

inversion is not strictly proportional to the amount of invertase

is also corroborated by Kikkan,^ who worked on invertase

obtained by him from yeast.

A very interesting picture is produced by calculating the

number of stomachs corresponding to the respective amount

1 D. A. Kikkaii, ' On the question regarding the process of inversion

under the influence of invertin '. Dissertation for the degree of Mag.

Pharm. Uriev., 1903, p. 53.
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of extract, i^'or iiistaiict", in experiment no. 35, 0-1 c.c. of extract

corresponds to one-twentieth part of the stomach of one bee,

and the quantity of ferment contained in this small particle

already evokes an alteration of the polarization plane to

CuRvji 2.

3
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to the quantity ol' glycerine or the concentration of the sugar

sohition, as we added to 50 c.c. of the latter an amount of

extracts varying between 0-1 and 25 c.c. In order to ascertain

the real cause of this phenomenon, we conducted special

experiments on the following plan. Extracts were prepared

simultaneously from the stomachs of bees of equal concentra-

tion in water and in a mixture of equal parts of glycerine and

water. To 25 c.c. of 10 per cent, sugar solution was added

a certain amount of extract (see Table VII), and the mixture

resulting made to reach 50 c.c. by addition of a corresponding

amount of water or its mixture with glycerine. As a result,

in all the tests analysed, the concentration of cane-sugar

reached the same level, differing from each other only in

the quantitative content of ferment. Thus we have con-

ducted two parallel series of experiments in water and in

a mixture of water and glycerine ; the tests of one series of

experiments differed from the other only in the presence of

glycerine in, it. The results obtained are given in Table VII.

On comparing the results of analyses adduced in Table VII

we can state without doubt that in extracts of glycerine with

water inversion increases only to 10 per cent, of the content of

glycerine estimated in relation to the total volume of the

liquid analysed. On further addition of glycerine the activity

of invertase falls perceptibly. In parallel experiments with

pure water extracts the degree of inversion rises according

to the increase in the quantity of extract, that is to say, of

invertase.

Thus, in certain quantities, glycerine has a repressive influ-

ence on the invertase as represented in Curve 3.

In order to determine the influence of the solvent upon the

activity of invertase extracts from the stomachs of fifteen bees

per 15 c.c. of water, 15 c.c. of glycerine, and, lastly, per 15 c.c.

of physiological solution of common salt, were prepared in

similar conditions ; to each extract were added 5 drops of

toluol for conserving purposes. On the following day to

50 c.c. of 5 per cent, solution of saccharose were added 5 c.c.

of the extracts named and 10 drops of toluol ; after twenty-
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four and forty-eight hours standing at 36-40° C. the rotation

of the polarization plane was determined in the mixtures.

The results obtained are represented in Table YITI.

Curve 3.

25cu cm of
ertract from the mid-
gut of the tees

Curve demonstrating the depressive effect of glycerine upon the activity

of invertase, based on the data of the series of experiments nos, 37 and 38

(see Table VII).

It is seen from Table VIII that invertase is extracted both

by water and a mixture of water and glycerine, by glycerine

alone, as well as by the physiological solution of common salt.

Evidently the most active extracts are produced by water,

less by glycerine. Water, however, can be used effectively
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only in cases which do not require long conservation of the

material analysed, since the extracts rapidly decompose.

A very suitable solvent for invertase, as regards resistance, is

presented by a mixture of glycerine and water. Our experi-

ments have shown that extracts prepared in this mixture

retain their original activity at least during eleven months

(Table IX). Glycerine, on the other hand, suffers from another

defect : it acts depressively on the course of inversion, as is

clearly visible from the series of experiments nos. 35, 36, 37

of Tables VI and VII and Curves 2 and 3. As in the preceding

experiments invertase manifests its activity in different sol-

vents also only during the first days.

In order to determine the durability of invertase after pro-

longed conservation of its solutions the following experiment

was conducted.

On November 16, 1917, an extract from the stomachs of

thirty bees per 30 c.c. of a mixture of glycerine and water,

with the addition of 10 drops of toluol, was prepared. This

extract, preserved in a dark place at the temperature of the

room, was analysed in the usual way on November 17, 1917,

April 10, 191S, and October 15, 1918. The results obtained

from the analysis are represented in Table IX.

The series of analyses given in Table IX shows that the

activity of invertase in solutions prepared in a mixture of

glycerine and water does not alter after being preserved for

at least eleventh months, in which respect invertase differs

markedly from catalase.

Lipase.

As is known, lipase belongs to ferments splitting fats into

fatty acids and glycerine.

The source of fatty food for the bee is presented by propolis

which contains, according to the analysis of one of us (Zarin),

about 6 per cent, of fat.

The question whether the fatty substances of propolis are

assimilated by the organism of the bee cannot be regarded as
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sotii-led, since there are hitherto no data in literature referring

to Hpase in the bee.

Petersen, on faihng to discover fat in the epithehal cells of

the digestive stomach of the bee with the help of osmic acid

and the stain-sudan iii, writes :
' Als sieher darf ich wohl

hinstellen, dass das meiste Fett, aiich der normalen Nahrung,

den Darm passiert, ohne gespalten oder resorbiert zu werden.'

For the detection of lipase we employed 1 per cent, solution

of monolnityrin and the emulsion of Provence oil.

In all the experiments conducted the same results were

obtained in general. An increase in acidity both of the mono-

butyrin solution and the Provence oil emulsion was observed

only in those test-tubes that contained extracts from the

stomachs ; this increase of acidity varied in the experiments

conducted between 0-3-0-6 c.c. ^q NaOH, the ferment acting

more intensely on the monobutyrin than on Provence oil.

The extracts from the remaining portions of the intestine

produced no distinct influence upon the acidity of the medium.

Thus, our experiments show that the stomach of the bee and

drone produces, together with other ferments, lipase as well

;

the bee is therefore capable of assimilating fatty substances.

Pepsin.

For the determination of pepsin we employed :

(1) Sterile 1 per cent, gelatine acidulated with hydrochloric

acid to a distinctly acid reaction, and poured 2 c.c. of this into

thin test-tabes. To this quantity of gelatine were added

2 c.c. of extracts of ferments tested and 3 drops of toluol

;

the mixture was placed in the thermostat at 35-8° C, and every

twenty-four hours the degree of its coagulation was observed

on being cooled.

(2) The fibrin from blood. For our purposes we placed a piece

of fibrin into a mixture consisting of 8 c.c. of sterile water

acidulated with hydrochloric acid to a distinctly acid reaction,

2 c.c. of extracts of ferments tested and 3 drops of toluol ;

the test-tube being placed in the thermostat at 35-8° C.
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(3) 1 per cent, solution of casein containing in 1 litre 16 c.c.

of concentrated hydrochloric acid of specific gravity 1-1'24.

Test-tubes containing 10 c.c. of this solution and 2 c.c. of

extracts of the ferments tested were placed for one hour in the

water-bath at a temperature of 38-40° C, after which to their

contents a concentrated solution of sodium citrate was care-

fully added by drops.

The methods described produced in all cases similar results,

the presence of pepsin being established in the stomachs of

the bee and drone, whilst the other portions of the intestine

were devoid of it.

(1) Gelatine with extracts from the stomachs of the bee and
drone lost the coagulating property after one to three days,

whereas extracts from the remaining portions of the stomach

produced no visible influence upon the gelatine in this respect

during twenty days, after which the experiment was discon-

tinued.-^

(2) In test-tubes with extracts from the stomachs fibrin

dissolved during one to three days, and in the remaining it

did not dissolve after twenty days, after which the experiment

was discontinued.^

(3) The casein test descrilied also manifested a positive

reaction only with extracts from the stomachs.

The results obtained from our experiments allow us to

conclude that the stomach of the bee and drone contains a

peptic ferment acting in an acid medium, whereas the crop,

small intestine, and part of the large intestine with the rectal

glands do not produce this ferment.

Trypsin.

For the determination of trypsin we employed :

(1) 10 per cent, alkaline gelatine, as in the case of pepsin
;

liquefaction of the gelatine followed after one to three days

only in extracts from the stomachs.

^ In order to test the sterility of liquefied gelatinous mixture and the

fibrin solution sowing was made in agar, l)ut during throe days at 37° C.

no growth was observed.

NO. 263 p p
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(2) Alkaline solution of casein. To 10 c.c. of 1 per cent,

solution of casein containing 1 in 200 c.c. 10 drops of 10 per cent,

solution of soda were added 2 c.c. of extracts of ferments

tested ; the test-tubes with the mixture were placed for one

hour in water at a temperature of 88-40° C, after which

a 0-5 per cent, solution of citric acid was added to their contents

by drops evoking a turbidity in the solution of undigested

casein.

By applying the methods described we obtained the same

results in all cases, trypsin being established only in the

stomach of the bee and drone, whilst the remaining parts of

the intestine were devoid of it.

Chymosin.

Regarding the presence of chymosin in the organism of the

bee there are no data in literature.

For its determination we used a mixture of 10 c.c. of milk +

90 c.c. of water+ 1 c.c. of 10 per cent, calcium chloride.

To 10 c.c. of this mixture was added 1 c.c. of extracts of the

ferment tested, and the liquid was placed in a water-bath

at 40° C.

The extracts from the stomach always caused milk to

coagulate ; the formation of the coagulum in the experiments

conducted being observed not earlier than after two, and

not later than after fifteen minutes. In the test-tubes contain-

ing extracts from the remaining portions of the intestine the

milk did not coagulate during three hours, after which the

experiment was stopped.

Thus our experiments show that the stomach of the bee

and drone contains abomasum ferment of considerable activity.

E m u 1 s i n

.

For the determination of the ferments splitting the glucosides

we used 1 per cent, solutions of amygdalin, salicin. and arbutin.

The results obtained were negative. It was impossible at that

time to purchase andromedotoxin, which produces the toxic

properties of honey as well as any other glucosides.
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Table X. Summary Table of Ferments established in

DIFFERENT PORTIONS OF THE InTESTINE OF THE WORKER-
bee and Drone.

Notes.

Nome of
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gut and its derivativps (digestive glands—hepatopancreas)

when such are present.

On account of the difference in the mode of Hfe and nutrition

between the worker-bee and drones, we examined and com-

pared the intestinal ferments of both in the hope of tracing

some points of difference between them. However, in the

conditions of the experiments conducted, when the ferments

were determined only qualitatively we failed in our attempts.

It was impossible to discover any visible difference between

the ferments.

An examination of the comparative table of ferments in

ihe intestine of the bee adduced above reveals the fact of the

inconstant presence of catalase in the extracts from the large

intestine. This circumstance seems to produce a certain disson-

ance in the results of the work and disagrees with the generally

accepted facts. However, on closer examination it is explained

quite definitely and convincingly. As a matter of fact catalase

was discovered in extracts from the rectum not accidentally

but at a certain time of the year, viz. in spring, previously to the

hives being removed from their hibernating quarters.

At this period catalase is abundant in the rectum, but

already after the first flights of the bees its quantity decreases

sharply and two days later it is already impossible to trace any

of this ferment in the rectum. These facts can be naturally

connected with the work of the intestine in winter. Bees feed

all the time, but during the period of seclusion in the hive they

do not excrete at all. The faeces accumulate in the rectum

and distend it to extraordinary dimensions, as is represented

in Plate 15 of figures. On comparing the intestine (drawn

at the same magnification) of a bee that has hibernated pre-

viously to its discharge (fig. 3), with a bee dissected in summer

in the usual conditions of its existence and activity, we may
form a clear idea of the degree to which the intestine is over-

filled. The stomach becomes shorter and thicker, especially

large dimensions are attained by the rectum which assumes

the aspect of an enormous ovoid bladder. Doubtless the

accumulation and long retention of faeces in the rectum reflects
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in one or another degree upon the process of metabolism in

the bee. Such an accommodation is presented by the produc-

tion of catalase in the rectum at a period when the bee is in-

capable of excretion. The increased production of this ferment

stands in connexion with the demands of the organism for more

energetic oxidative processes, in which there is not so much
need in summer when the intestine of the bee discharges its

excrements normally.

After we have convinced ourselves of the logical necessity

of the presence of catalase in the rectum, we must solve the

question regarding the place where this ferment is produced.

Two possibilities may be discussed in this connexion : (a) either

catalase is produced by the walls of the rectum in the bee (local

origin of the ferment), or (b) catalase is transported to the

rectum together with the food from the anterior portions of

the intestine, namely, from the stomach.

We shall first discuss the latter possibility. In preparing

extracts from the rectum the large intestine of the bees was

cut ; the faeces falling out themselves, the wall of the intestine

washed repeatedly in a fresh physiological solution of common
salt. Only after being thus cleaned of its contents the intestine

was rubbed up with sand in glycerine. The measure of precau-

tion described guarantee to a certain degree the purity of the

extracts prepared, and therefore allow one to ascribe the

property of catalase production to the walls of the rectum.

The conclusion set forth is indirectly corroborated by

another circumstance. If catalase were transported into the

rectum from the stomach with the digested food, we should

expect this ferment to be present not only in the rectum

(the hindmost portion of the intestine) but in the small intes-

tine uniting the rectum with the stomach as well.

However, catalase was absent in extracts from the small

intestine in all cases, notwithstanding the fact that they had

been less carefully prepared. This part of the intestine is

usually not removed from it, and the extracts were prepared

from whole pieces of the small intestine with all its contents.

Since the extract from the anterior portion of the intestine
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and from its contents contained no catalase, whilst the extract

from the wall of the posterior part of the dif^estive tract alone

contains this ferment, the inevitable conclusion is that catalase

is produced by the rectum itself in the bee, and is not brought

there from other parts.

Now the question arises, in what part of the rectum is this

ferment produced ? In the first part of the work the structure

of the rectum was described in detail, and it was mentioned

that the latter differs in structure from the crop of the bee in

the presence of eight elongated rectal glands. The wall of both

rectum (PI. 17, tig. 20, ep) and crop (PI. 16, tig. 5, ep) is formed

by tiat epithelium bearing no characters peculiar to glandular

tissue. Therefore it is difficult to ascribe to it the property

of producing ferments ; and, indeed, in the crop they are never

produced. It may therefore be naturally concluded that the

place where catalase is secreted is presented by the rectal glands

in the plump epithelial cells of which are found granules of

zymogen (PI. 17, fig. 21, ep). The correctness of such a conclu-

sion stands somewhat in contradiction to the fact that catalase

may also be produced by non-glandular tissue. Thus this

ferment is present in the nerve-tissue of some animals. In

the near future we shall endeavour to solve the question

discussed more precisely. In the dilated rectum of the bee

it is possible to separate the anterior part with the rectal glands

from the posterior consisting only of flat epithelium.

An investigation of the extracts from these parts of the

rectum will, possibly, be able to give a definite answer to the

question regarding the role of the rectal glands which have

hitherto been mysterious organs in insects. Concerning their

role only suppositions have hitherto been expressed. Berlese

supposes that these glands serve to absorb the remains of food,

and there may be also present some kind of valve for the retention

of the contents of the intestine previously to the final formation

of the faeces. N. A. Cholodkovsky (1912) thinks that it is

possible to speak only of a sort of excretive function of the

rectal glands, under the cuticle of which in Lepidoptera and

the cricket (Gryllus domesticus) he observed an accumu-
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liition of some kind of excretion. Valle (1900) supposes that
' les papilles rectales des Dipteres joiient deux roles : le role

respiratoire et le role secreteur. Role respiratoire par les

gros troncs tracheens et les petites ouvertures qui servent de

debouches aux raniitications tracheennes ; role secreteur par

les cellules geantes et les pores terminaux leur donnant ouver-

ture dans la cavite rectale ' (loc. cit., p. 60).

Thus, Valle unites the views regarding the glandular role of

the rectal glands expressed by Lowne (1869) and regarding their

analogy to the rectal gills of the dragon-fly larvae (Leydig,

Chun, 1876).

It is quite possible that these organs discovered by 8wam-
merdam in the bee play different roles in insects. It is remark-

able that the rectal glands are absent in beetles.

In other insects they appear only at the end of the pupal

stage, and only the dragon-flies (Libellulidae) are provided with

these glands in the larval stage as well (Paussek, 1887).

Evidently these organs, the function of which is mysterious,

stand in some connexion with the metamorphosis of insects.

On comparing these considerations with facts observed in

bees its rectal glands may with a considerable degree of

probability be regarded as glands one of the functions of which

is the seasonal production of catalase.
Whereas the rectum of the bee is capable of producing

a ferment albeit periodically (catalase), its crop lacks this

property absolutely.

No ferments were ever established in extracts from the

honey-stomach. This circumstance allows us to take a step

nearer toward the solution of the question regarding the process

of honey formation. The bee takes in the nectar into the

crop from which it deposits it into the honeycombs. Does the

crop present a passive reservoir adapted only to temporary

conservation of the nectar, or does some other biochemical

process, besides the splitting up of cane-sugar, take place in it ?

What takes place in the nectar deposited in the honeycombs

during the ripening of the honey ? In order to solve this

question one of us (E. Zarin) had previously (1917) conducted
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experiments by feeding bees chieHy on cane-sugar syrup

wliicli was successively passed through their organism twice.

In the first experiment the bees received twenty-five pounds

of syrup; when they deposited it in the honeycombs two days

later the honey taken out of them was again offered the bees ;

the honey deposited for the second time was left in the hive

till the moment of sealing up, after which it was again offered

to the bees ; the honey deposited for the third time under-

went chemical analysis similarly to the sugar, syrup, and honey

of the first and second deposits.

When the honey ripens the cane-sugar is inverted ; when

this occurs a certain quantity of dextrin-like substances which

do not reduce Fehling's solution are produced. ' Thus in

natural honey, besides the non-sugars of plant origin, are also

contained such that are produced by the organism of the bee,

probably with the help of a special ferment.'

The sugar syrup offered to the bees was quite devoid of

ferments, whereas in the deposited portions the presence of

invertase and diatase was discovered ; therefore the ferments

named could have found their w'ay into the honey only from

the body of the bee. Catalase was absent in such artificial

honey, whereas it is always present in natural sorts. Evidently

catalase is brought into the honey from the nectar.

These data throw light on the nature of the ferments in the

samples of honey investigated—some of them (catalase) are

of plant, others (invertase and diastase) both of animal and

plant origin.

If invertase and diastase are brought into the honey by the

bee, the question arises—where are these ferments produced

in its organism '? The investigation conducted by us throws

some light upon this question. The most simple supposition

is that the ferments of honey are produced by the walls of the

reservoir into which the bee collects the nectar. That is,

however, not the case, since the walls of the crop are not

endowed with glandular properties. It w^as impossible in any

circumstances to establish any ferment in the extracts from

the crop.
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Evidently the ferments of honey penetrate into it from other

portions of the digestive apparatus ; such may be either

the stomach of the bee in which invertase and diastase are

actually produced, or the salivary glands. If we assume that

the ferments of honey are derived from the stomach of the

bee, allowance must be made for the possibility of a kind

of exgurgitation, or their passage from the stomach into

the crop, i. e. in a direction opposite to the normal course

of food.

The anatomical data do not allow of forming such a supposi-

tion, as the bordering valve of the crop is provided with a long

tubular valvule which prevents the usual contents, and there-

fore the ferments of the stomach as well, from penetrating back

into the honey-stomach. If the existence of exgurgitation of

ferments were possible, then not only invertase and diastase

would pass into the crop, but also catalase, which is always

secreted by the sides of the stomach. In this case it would

have been also discovered in the analysed portions of the

artificial honey out of sugar syrup described above. The fact

that this was not observed serves to confirm the conclusion

that the catalase of honey is of vegetable origin, there being

no basis for admitting the possibility of an elective exgurgita-

tion of ferments from the bee's stomach.

In this connexion it should be remembered that regarding

the possibility of exgurgitation in bees the investigators differ

in opinion. Some of them, as Schonfeld, believe that the brood-

food of bees is discharged by the latter from the stomach,

whilst others regard it as a secretion of the large salivary glands

occupying the greater part of the volume of the head in the bee

(PI. 15, fig. 4, dr-,}. Eegarding the ferments of honey a supposi-

tion analogous to the latter can be made. The ferments are

produced by the salivary glands of the bee swallowed together

w^ith the nectar into the crop and removed from there on

deposition of the honey into the honeycombs. Such a conclu-

sion appears to be the most correct, although it also bears the

character of probability, since the digestive properties of the

salivary glands are unknown. In other insects very strong
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digestive ferments ("proteolytic ferment) have been found

in the saliva ; they are certainly present in the bee as well,

otherwise the presence of a com))lex system of salivary gland

would be incomprehensible. The task at hand is to study

their ferments, if only it will be possible to apjdy to them the

method of preparation for the extraction of ferments, which

presents great difficulties in the given case.

The data obtained by our work allow of an attempt to a partial

solution of the question regarding the food regime of the bee

and regariHng the assimilation of different sorts of food by it.

We shall meanwhile adduce a particular case. Petersen fed

bees on oil emulsion in sugar solution and arrived at the

conclusion that ' das meiste Fett, audi der normalen Nahrung,

den Darm passiert, ohne gespalten oder resorbiert zu werden.

Der feste Aggregatzustand des Kotfettes und seine Loslichkeit

in Alkohol sind merkwiirdig und lassen an einen reichlichen

Gehalt von Fettsiiuren denken ' (loc. cit., p. 14H).

The fact that we have constantly found lipase in the extracts

from the stomach of bees refutes Petersen's view just quoted

that fat passes through the stomach of the bee without splitting.

Since the stomach contains a special ferment, it is obvious that

it is produced for a respective purpose, i. e. in the given cases

for the digestion of fat.

The next stage in the study of the digestive processes in bees

should be experiments on preferential feeding of these insects

with different nutritive substances conducted on a wide scale

and the determination of the character of excretion and action

of ferments in artificial conditions. The results of such an

investigation are important not only from the theoretical but

from the practical point of view as well. Bee-keepers have

always to deal with the difficult task of artificial feeding of bees

in winter, which frequently results in the appearance of

dangerous diseases among these insects. When the conditions

in which the intestine of the bee works are known, and a clear

idea regarding the metabolism of its substances during the

different seasons of the year is arrived at, it W'ill be possible

to solve the question regarding the methods of feeding it
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artificially instead of taking false steps and applying empirical

methods, as hitherto practised.

One of us (E. Zarin, 1917) has already made some progress

towards the solution by purely chemical methods of the question

regarding the necessity of acidulating the winter food of bees,

which is of practical importance and is applied by many
practical bee-keepers.

It was proved that acid (0-1 per cent, citric) produces no

useful action upon the inversion of cane-sugar and the ripening

of honey, whereas acid ' added to the food in the amount of

0-3 per cent, produces a depression not only in the process of

sugar invertion, but in all the other processes taking place in

the honey-stomach of the worker-bee, as well as in the hive

during ripening of the honey '. In the final conclusions these

data ' disagree with the view prevalent among bee-keepers

regarding the necessity of adding acid to the food '.

At the first opportunity we shall endeavour to continue our

work in the direction mentioned, which is especially advan-

tageous, since in it deep scientific problems are conveniently

combined with the requirements of practical life.
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EXPLANATION OP FIGUEES.

General Meaning of Letters.

ab, abdomen, an, anal aperture, b, bacteria, bg, connective tissue.

bl, vesicular evaginations from the surface of cells of the stomach epithelium,

c, chitinous cuticle, cb, suprapharyngeal nodules of the nerve-chain.

cd, chitinous cuticle of the siirface of the capitulum of the stomach valve.

cmf, muscle (Leidig's) columns, en, marginal chitinous fillet of rectal gland.

cp, head, d, protoplasm, da, alveolar layer of weakly staining protoplasm

under the chitinous cuticle of the rectal gland. di\, pharyngeal salivary

glands of the bee. dr.^, salivary glands of the head (Vorderkieferdriisen).

dr^, salivary glands of the thorax (Hinterkieferdriisen). ds, bacilliform

striated layer of protoplasm, ep, epithelium, g, granular contents of the

stomach, gr, granules and inclusions in the protoplasm, h, cavity of

rectal gland, i, crop, ia, fore-gut. ic, cavity of the crop, hn, mid-gut.

ip, hind-gut. it, small intestine, k, cr3rpts of the stomach, m, muscles.

m,i, transverse (circular) muscles, mo, longitudinal muscles, m^, longitu-

dinal exterior muscles of stomach valve, m.^, circular muscles of the crop.

TOg, longitudinal muscles of the crop, mb, basilary membrane, mf, mio-

fibrils. mp, Malpighian vessels, n, nucleus, nv, nerve, o, oesophagus.

p, peritrophic membrane, pc, lumen of stomach valve, ph, pharynx.

p7n, perimysium of muscles, r, rectum (large intestine), rg, rectal gland.

sn, syncytium in rectal gland, sp, sarcoplasm. th, thorax, tr, tracheae,

V, stomach, vc, its vacuole with secretion, wa, exterior wall of rectal

gland, wp, ' hairy ' margin of the epithelium of the stomach, z, margins

of the exterior wall of the rectal gland with tracheae between them.
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EXPLANATION OF PLATES 15, IG, AND 17.

Plate 15.

Fig. ].—Vontriculo-intestinal canal of the worker-bee in summer.

Large intestine of small size.

Fig. 2.—Same in clrone. Stomach much longer than in the worker-bee.

Pig^ 3—Intestine of hibernating bee. Large intestine filled with faeces

and therefore presenting the largest portion of the intestine in dimensions.

The arrows denote the points at which the intestine was cut for the pre])ara-

tion of extracts from it. All the three figures were made with Zeiss'

l)inocular microscope, ob. I 55, oc. 1,

Plate 16.

Fig. 4.—Schematic longitudinal section of the bod.v of the worker-bee with

its organs of digestion. Combined, from two figures of Zander's monogra])h.

The arrows on the left show the subdivision of the body into head, thorax,

and abdomen, whereas the ones on the right denote the subdivision of the

intestine into the fore-, mid-, and hind-guts. The subdivisions mentioned

do not correspond one with another, as the fore-gut (o, i) passes through

the head, thorax, and part of the abdomen.

Pig 5—Transverse section of the crop on the level of the stomach

valve, cd, cuticle of the surface of the valvular capitulum ; ic, cavity

of the croj). Haematoxylin ; eosin. Zeiss ; ob. AA, oc. 4.

Fi(T. 6.—Slightly oblique section of the stomach of the bee. Its cavitj'^

is filled with a very great number of ])eritrophic membranes (p) dis^josed

in concentric layers one on another. Zenker formol. Heidenhain's iron

haematoxylin. Zeiss ; ob. AA, oc. 1.

Fig. 7.—Part of transverse section of the stomach of the bee. A cr^'pt

in the depth of the c])ithelial fold is visible. Above the crypt is a vacuole

with secretion. The hibernating bee was fixed in .4pril. Dulioscqs fluid.

Mann-Holland stain. Zeiss ;
J^ ^^^^- "nm-» oC" 0.

Fig. 8.—Part of the wall of the stomach in the bee, dissected in May.

The section has passed obliquely, on account of which the cells of the folds

appear to be set on slender peduncles and interrupted. Zeiss : ob. ^..

horn, imm., oc. 1. Duboscq's fluid ; Giemsa stain.

Fig. 9.—Transverse section of the wall of the stomach to shoAv the

formation and the rubbing oft' of the peritrophic membranes (p) developing

at the expense of the ' hairy " layer of the epithelial plasm (icp). Above

the crypt (k) the vacuole displacing the ' hairy ' layer of the plasm is

situated. Zenker formol : Heidenham's iron haematoxylin. Zeiss ; ob. j\

horn, imm., oc. 1.

Fig. 10.—Peritro])l\ic membranes in the cavity of the stomach of the
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bee. Between them are disjiosed the granular contents (g) and two
blood (?) corpuscles. Duboscq's fluid ; Mann-Holland's stain. Zeiss

;

ob. j^2 horn, imm., oc. 4.

Fig. 11.—Part of the epithelial wall of the stomach in the bee dissected
in May, Between the glandular cells is arranged the cry]>t, the cells of
which also discharge a secretion accumulating in the globular vacuole
{vc). The epithelial cells bear on their surface the ' hairy ' layer of proto-
plasm (tvp). Duboscq's fluid ; Giemsa staui. Zeiss ; ob. J^ hom. imm.,
oc. 4.

Fig. 12.—Part of the wall of the stomach of the same bee. In the
' hairy ' layer of the epithelial cells are visible swellings of the superficial

layer of protoplasm corresponding to the vesicular evaginations of the cells

observed in the mid-gut of the larvae of Ptychoptera by Van Gehuchten.

Mann-Holland stain. Zeiss ; ob. Jg hom. imm., oc. 2.

Fig. 13.—Tangential section of the wall of the stomach in the bee.

The rounded evaginations of the epithelium with cryptae at their bottom
are visible in section. Duboscq's fluid ; Giemsa's stain. Zeiss ; ob. DD,
oc. 4.

Fig. 14.—Longitudinal section of circular fibres of the muscular mem-
brane of the stomach, sp, sarcoplasm. Giemsa's stain. Zeiss

; ^^, oc. 4.

Plate 17.

Fig. 15.—Longitudinal section of a fibre from the muscular membrane
of the stomach of the bee ; the abundance of sarcoplasm (sp) with nuclei

in it {n) is visible (see fig. 16, PI. 17). Haematoxylin, eosin. Zeiss ; ob, JL

hom, imm., oc, 4,

Fig. 16.—Transverse section of muscle-fibres from the circular mem-
brane of the stomach in the bee. The fibres are rich in sarcojilasm. The
nucleus is disposed beyond the area occupied by the myofibrils. Haema-
toxylin ; eosin. Zeiss ; ob. ^^ hom. imm., oc. 4.

Fig. 17.—Pare of transverse section of epithelium of the small intestine

of the bee. In the cells are visible vacuoles with secretion and the striated

superficial layer of plasm {ds) covered with a chitinous cuticle (c). Zenker
formol ; Mann-Holland's stain. Zeiss ; ob. ^, oc. 4,

Fig. 18.—Transverse section of the fibre of the muscular membrane of

the small intestine in the bee. The fibre is thick ; nuclei are disposed

along the axis of the fibre surrounded exteriorly by tufts of myofibrils.

The fibre is enveloped in the perimysium. Duboscq's fluid ; Heidenhain's
iron haematoxylin. Zeiss ; ob. j\ hom. imm., oc. 4.

Fig. 19.—Rectal glands in the wall of rectum. Total surface preparation.

Alcohol ; borax carmine. Ob. Winkler 1, oc. 0.

Fig, 20,—Schematic structure of rectal gland. The drawing represents

the wall of the rectum with half of the gland inserted in its wall. Rectum
represented exteriorly.
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Fig. 21.—Transverse section of rectal gland of a bee that has hibernated.

In the cells of its epithelium are visible numerous granular inclusions and

granules of secretion. Duboscq's fluid ; Heidenhain's iron haematoxylin.

Zeiss
; ,\ hom. imm., oc. 0.

Fig. 22.—Oblique transverse section of rectal gland of a summer bee.

The network of deejily stained cell borders in which tracheae pass (fig. 25,

PI. 17) are visible. In the protoplasm of the epithelial cells there are no

inclusions. Zenker formol. Same stain and magnification as in fig. 21.

Fig. 23.—Part of longitudinal section of the rectal gland. The entrance

of the trachea between the cells of its external layer and the formation of

lateral transverse branches of the trachea under the surface of the gland

are visible. Zenker formol ; iron haematoxylin. Zeiss
; ^\ hom. imm.,

oc. 4.

Fig. 24.—Network of tracheae under the surface of the inner wall of the

rectal gland. Same treatment. Zeiss
; ^.^ hom. imm., oc. 1.

Fig. 25.—Part of surface section of the exterior wall of the rectal gland.

Tracheae running between the cells are visible. The surfaces of the latter

adjacent to them stain shari)ly l)lack. Same treatment and magnification

as in ])reparation no. 23.

Fig. 26.—Cuticle of the epithelium of the small intestine with numerous

bacteria on its surface. Zenker formol ; Giemsa. Zeiss ; ob. ,^5, oc. 4.
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The Nature of certain Ovum-like Bodies
found in the Seminiferous Tubules.

By

F. A. E. Crew and Honor B. Fell

(From the Animal Breeding Research Department, University of

Edinburgh.)

With Plates 18-23.

Introduction.

During the systematic examination of a goat with an

abnormal reproductive system sent to this Department

by Mr. T. H. Gillespie, Director-Secretary of the Scottish

Zoological Park, certain peculiar ovum-like bodies were found

within the seminiferous tubules of the ectopic testes.^ In order

to decide as to the exact nature of these, it was necessary to

extend the investigation so as to include an examination of

other abnormal gonads. To Mr. M. S. Pease, of the School of

Agriculture, Cambridge, we are indebted for an undescended

testis from a rabbit in which he had found bodies exactly

similar to those found by us in the case of the goat, and also

for permission to include a description of his series in this

paper. An undescended testis from the human was sent to

this Department by Sir Edward Sharpey Schafer, and one from

a cat by Mr. A. Cameron, of the Eoyal (Dick) Veterinary

College. Without this material our work must have remained

very incomplete, and in acknowledging our debt we wish to

render our grateful thanks.

We are also much indebted to the Staff of the Pathology

Department of the University of Edinburgh, and to Mr. E. G.

Glass for much practical assistance in the course of our study.

^ ' Veterinary Journal ', April 1922.

NO. 264 Q q
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Methods.

With the exception of the goat the material was already

fixed when received by us. The testis of the goat was fixed

in Zenker's fluid, that of the rabbit in Bouin's fluid, and that

of the frog and of the cat in 10 per cent, formalin.

The specimens were embedded in paraffin wax and sections

were cut at 5-6/^. We employed the following stains : eosin

and Delafield's haematoxylin, Haidenhain's iron haema-

toxylin, Mallory's and Van Gieson's. A good method for

displaying the interstitial cells was to stain with iron haema-

toxylin in the usual w^ay and counter-stain with Van Gieson's.

The sections of the frog's gonad, which had been used in

previous research, were stained with Delafield's haematoxylin

and Bismarck bro%\ii.

The coloured drawings were made with the aid of a camera

lucida. With the exception of fig. 17, for which a Koristka

1/12 oil immersion lens was employed, they were all drawn

to the same scale with a Zeiss no. 7 objective.

Description of the Undescended Testis of a Goat.

The specimen was obtained from an adult goat whose sexual

behaviour was sometimes of the male and at other times of

the female type. The internal and external genitalia were also

intersexual in character. The testes were discovered in the

region of the external inguinal ring embedded in the sub-

cutaneous tissue of the ventral body-wall and surrounded by

a thick investment of fat.

General Structure of the Gonad.

Seminiferous Tubules.—The seminiferous tubules

show greater degeneration than any other tissue in the gonad.

Degeneration has not proceeded at a uniform rate throughout

the testis, and the tubules maj" be described in three classes

according to the stage which the atrophic changes have reached.

Class A.—Comparatively normal tubules. The cross-
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section is circular or very slightly compressed. The nuclei of

the peripheral cells are distinct and in some cases show a reticu-

late structure. Degenerative changes, however, are beginning

to appear in the more central cells, which show no nuclear

structure. The laminated basement membrane and its cells

are normal.

Class B .—The more central epithelial cells are very

degenerate. A single layer of epithelium remains adherent

to the basement membrane. The cells of this layer are usually

spaced at fairly regular intervals round the wall of the tubule.

The cytoplasm is fragmentary and degenerate, but the nuclei

are distinct. The chromatic material in the nucleus is in the

form of irregular deeply-stained granules. The rest of the

epithelium has become loosened and is spreading into the lumen

as an irregular syncitium. The nuclei of the component cells

are in many cases indistinguishable, and the cytoplasm is

reduced to anastomosing threads.

Class C.—Even the single layer of cells adhering to the

basement membrane is indistinguishable, and the basement

membrane itself is degenerate and is breaking down altogether

in places. The outlines of the tubules in cross-sections are most

irregular. The lumina are filled with cell detritus which is often

aggregated at one or more points into somewhat deeply-staining

irregular masses. These masses frequently contain globules

which adhere to one another giving the appearance of a minute

drop of emulsion surrounded by cellular matter.

The most noteworthy features of the seminiferous tubules

occur in Classes B and C. These are remarkable deeply-

staining bodies which are often present in the lumina of the

tubules. They are always closely invested by a layer of

degenerate epithelial cells which might easily, at first sight, be

taken for a corona r a d i a t a . A more detailed account of

these structures and a discussion as to their nature will be

given later.

Kete Testis .—The rete testis appears normal. The walls

of the vessels are composed of a single layer of cubical epithelial

cells resting on the surrounding fibrous tissue. The cell-limits

Q q 2
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aro well marked and the large oval nuclei show no indication

of degeneration.

Intertubular Tissue.—Large quantities of inter-

tubular tissue are present, the connective tissue being consider-

ably in excess of the interstitial. The connective tissue appears

normal. The interstitial cells have an oval nucleus showing

a granular structure and very clear cytoplasm the periphery

of which is difficult to make out. In many cases the cells

appear as mere naked nuclei, some of which stain more
densely than others. It would seem that the interstitial

cells are either normal or in a very early stage of de-

generation.

Tunica Albuginea.—The testis is invested by the usual

fibrous capsule or tunica albuginea, the histology of which is

normal. The only point of interest with reference to this

structure is the presence in places of a layer of adipose tissue,

some three cells deep, which splits the tunica albuginea into

a peripheral and a central layer.

Vasa Ef ferentia.—These, Hke the rete testis, show no

sign of degeneration. They are lined by normal columnar

ciliated epithelial cells, the large oval nuclei of which show

a somewhat reticulate structure. The bunches of cilia appear

as protoplasmic tags extending into the lumen.

Epididymis .—The structure of the epididymis is in every

way typical. It is composed of a layer of ciliated columnar

epithelium resting on a basal layer. The basal cells contain

large oval nuclei whose long axes are set transversely to the

radius of the tube. Cross-sections of the epididymis differ

from those of the vasa differentia in the presence of the basal

layer, the relatively larger nuclei, and greater thickness of

the columnar epithelium.

Blood-vessels.—Closely associated with the gonad in

the region of the epididymis is a considerable venous plexus,

the interstices of which are largely filled with adipose tissue.

The substance of the gonad is richly supplied by a capillary

system. In many instances the walls of the capillaries have

ruptured owing to the degeneration of the walls of the semin-
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iferous tubules and haemorrhage into the himma of the tubules

has resulted.

Account of the Ovum -like Structures in the

Seminiferous Tubules and a Discussion as to

their Nature.

We have already referred to the remarkable ovum-like bodies

invested by epithelial cells which occur in the lumina of many
of the more degenerate seminiferous tubules. Two of the more

typical cases will now be described.

A. (PI. 19, fig. 7) Two of these structures are present in

the lumen of a single tubule. The outline is very sharply

marked by a dark ring well seen in the lower specimen, showing

that the refractive index is higher than that of the surrounding

tissue. Both bodies are composed of concentric layers sharply

demarcated and apparently homogeneous. In the lower speci-

men there are three such layers. The innermost is the most

deeply stained and surrounds a paler central area. Each

primary ring is subdivided into faintly marked secondary rings.

Only two primary rings are visible in the second body. In

both bodies the central area is paler and less homogeneous than

the rings.

The investing cells are very degenerate. They are indis-

tinctly delimited and the nuclei appear as deeply-stained

structureless masses of vague outline. Syncitial strands con-

nect the investing cells with those lining the tubule.

The epithelium of the tubule is somewhat less degenerate

than is usually the case. The peripheral cells, presumably

spermatogonia, display distinct though structureless nuclei.

The cytoplasm, however, shows no definite outline, but coalesces

in neighbouring cells and tends to spread out into the lumen.

Most of the more central cells have disappeared except at those

points where a syncitium connects the investing cells with the

wall of the tubule. This is significant. It should also be noted

that as a rule the more central the position of the cell the greater

is its degeneration.

B. Only one body is present in the tubule. This specimen
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is somowbat larger than either of those described above.

The section was stained with Mallory's stain. The body is

ovoid in shape and does not display the usual concentric

structure. The main feature is the presence of two broad

superimposed rings of small granules which stain a purplish

blue, those of the lower ring having a more reddish tinge than

those of the superficial circle The general coloration of the

body is difhcult to describe accurately and a coloured drawing

has therefore been made (PI. 18, tig. 6). It will be seen that

the centre has an orange tint whereas the perii)liery is bluish.

The investing cells are extremely degenerat<\ As seen in

section they are reduced in places to a narrow band. The nuclei

are almost indistinguishable. A single protoplasmic strand

connects the investing cells with the epithelium of the tubule.

The epithelial cells are reduced to a single degenerate layer

adhering to the basement membrane. A comparatively large

clear space intervenes between the wall of the tubule and the

tissue surrounding the central body.

The distinctly female appearance of the external genitalia

led us to think that possibly ovarian tissue would be found in

the gonads. On first examining our preparations it seemed

to us that such was the case. The spherical structures, two of

which have just been described, had much the appearance of

degenerate ova in typical, if degenerate, Graafian follicles.

We regarded the pale somewhat granular central area so

commonly present as the nucleus, the dark line bounding the

body as a zona pellucida, and the investing cells as the corona
r a d i a t a . The intervening spaces between the investing cells

and the epithelium lining the tubule could be interpreted as

cavities for the liquor folliculi. and the epithelium

adhering to the basement membrane would, of course, corre-

spond with the epithelium of the Graafian follicle. More exten-

sive examination, however, revealed the presence of obviously

homologous bodies with the concentric structures so marked

as to remind the observer of a starch granule. These obviously

were not of ovarian nature, as was also shown by the fact that

in some instances two or more occm-red in the same tubule.
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As is well known, it is rare to find more than one ovum in

a single Graafian follicle. It was significant also that a careful

search did not reveal one of these bodies in the interstitial

tissue. On considering these facts, and knowing that the semin-

iferous tubules were in process of atrophy, we came to the

conclusion that the bodies were degeneration products. Further

investigation provided what seems a series of stages in their

formation. These will now be described.

(1) (PL 19, fig. 8) A quantity of cell detritus appears in the

lumen attached by protoplasmic threads to the epithelial

cells adhering to the basement membrane. No cell structure

is visible. On the left of the mass is an aggregation of deeply-

staining globules, each with a somewhat lighter central area.

The epithelium of the wall of the tubule is very degenerate,

only the nuclei of the peripheral cells being recognizable.

A small group of erythrocytes is seen in the lumen, the presence

of which is probably due to the rupture of a capillary in the

tubule wall.

(2) (PL 19, fig. 9) In the upper right-hand corner of the

photograph is figured a tubule containing an aggregation of

cellular material which to the right forms a deeply-staining mass

similar to that described above. It is composed of four large

globules which appear to be coalescing. These are surrounded

by detritus the cellular nature of which is still apparent. The

cells lining the tubules are reduced to a narrow darkly-stained

layer fused to the basement membrane.

(3) In the same illustration appears a single ovoid body in

a very degenerate seminiferous tubule. The body contains

a number of highly refractile granules and shows no concentric

structure. It is surrounded by protoplasmic debris displaying

little or no cell structure, except at one point where it is con-

nected with the wall of the tubule. The tubule itself is of very

irregular outline and the basement membrane appears to be

breaking down in places.

(4) (PL 19, fig. 10) The tubule in this instance is less degenerate

than in the cases previously described. As usual, however,

only the peripheral layer of the epithelial cells is present.
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Thoso show distinct nuclei, and the outhnos of the cytoplasm,

though irregular, are distinguishable.

The centre of the lumen is occupied by an aggregation of cells

surrounding a circular body composed of two concentric rings

and a darker central area. The investing cells show two distinct

layers : an outer layer in which the nuclei are visible, and

an inner layer presenting no cell structure whatexer. This

inner layer might be regarded as part of the central body

which it closely resembles both in general structure and staining

reaction. Though of an asymmetrical contour which corre-

sponds with that of the outer layer, it displays none of the

angularities of the latter. The appearance suggests that during

life surface tension was causing it gradually to assume a

spherical shape.

(5) (PL 18, fig. 4) This section was stained with Mallory's

stain and a coloured dra^\^ng has been made to show the

somewhat remarkable staining reaction. A single circular

body of rather small size is present in a seminiferous tubule.

The body consists of a whitish central area surrounded by

a bright blue ring. A circle of more darkly-stained granules

is present. The body is suiTounded by a large mass of debris

which on one side spreads out into a syncitium connecting

the central structure with the wall of the tubule, and on the

other side is condensing into a narrower more deei^ly-stained

layer. There is a sharp line of demarcation between the body

and the surromiding protoplasm which stains an orange bro'VN'n.

The epithelial cells are arranged in the usual single degenerate

layer applied to the basement membrane.

Discussion.—From a study of the series of specimens

which have been described above it would appear that the

process of formation of these remarkable bodies is somewhat

as follows :

In the seminiferous tubules we have seen that degeneration

spreads from the centre towards the periphery. The chief

factor in this degeneration seems to be a gradual softening

of the protoplasm of the epithelial cells. As this softening

increases, the innermost cells can no longer adhere to the
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layer beneath, but drift into the lumen of the tubule where they

form the syncitial masses we have described. As more cells

are added, these masses condense into more deeply-staining

aggregates. The process of liquefaction continues until the

more central cells lose all cytological structure and finally

give rise to colloid globules which, adhering together, give the

emulsoid appearance seen in (1) (PI. 19, lig. 8) and in (2) (PI. 19,

tig. 9). If the desquamation and liquefaction of the different

layers of cells are rapid, a single large colloid globule is pro-

duced, as in B (PI. 18, fig. 6), Usually, however, the process is

more gradual. Calcification appears to follow the colloid de-

generation and, if desquamation and liquefaction take place

slowly, may wholly or partially metamorphose the colloid globule

formed by the first layer of cells, before liquefaction of the next

layer is completed. In this way a body having a concentric

structure is produced, each of the rings seen in the cross-

section representing a layer of cells. It would appear that these

objects resemble corpora amylacea in significance and
in mode of formation. In (5) (PI. 18, fig. 4) we have an example

of gradual degeneration. Though the central structure is

comparatively small, calcification is already complete. The
preparation is stained with Mallory's stain, and the central

structure has taken on the Aniline Blue, whilst the investing

cells have stained with Orange G. In b (PI. 18, fig. 6) we have,

as has already been stated, an example of rapid colloid

degeneration. The body which is here figured occurred in the

same section as (5) (PI. 18, fig. 4) but has stained with Orange G.

like the epithelial cells of the tubule. Calcification, however,

has at length set in as is shown by the blue coloration at the

periphery.

On studying sections stained with Van Gieson's stain, it

was found that the small globules and the most degenerate

of the epithelial cells give the orange coloration characteristic

of colloid degeneration, whereas the larger, concretion-like

structures stain a deep magenta (PL 18, fig. 1). This also lends

support to the view that the spherical structures have been

produced by colloid degeneration followed by calcification.
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Description of an Undescended Testis of a Rabbit.

The rabbit from which this testis was obtained was killed

at the ago of one year and seven months. The other testis

was scrotal and normal. On section the testis was found to be

degenerate and to contain a number of ovum-like bodies

similar to those described in the goat.

General Structure of the Gonad.

Seminiferous Tubules .—The seminiferous tubules are

small and degenerate.

Epithelium.—The condition of the epithelium presents

considerable variation in different tubules. In some the cells

are comparatively normal and completely till the lumen. In

other tubules the cell-limits are indistinguishable except in

the peripheral layer, and the lumen contains a loose syncitium

of protoplasmic debris (PI. 20, fig. 11). Spermatogenesis appears

to have reached the spermatocyte stage and to have stopped at

that point. Most of the peripheral cells are typical spermato-

gonia. The more central cells are mostly large clear spermato-

cytes in various stages of synapsis.

As in the goat the more central nuclei on the whole display

most degeneration. The nuclei of the peripheral spermato-

gonia are large, oval, and of a finely gi'anular structure, whilst

those lying farther in the lumen are of irregular shape, smaller

size, and are more deeply staining. In many cases the epithelial

cells are in active mitosis, but in the more central spermatocytes

the process does not appear ever to be completed. The nucleus

swells up to twice its original size and appears as a large clear

vesicle containing darkly-staining chromosomes or nuclear skein.

The chromatin material subsequently breaks do\\Ti into smaller

granules, and a further increase in the volume of the nucleus

is noted. Such degenerate nuclei have been found surrounded

by a mass of semi-fluid cell detritus, and in such cases would

appear to serve as centres around which intratubular bodies

are being formed (PI. 20, lig. 12). Several instances of pluripolar

mitosis were seen in the epithelium—a sign of degeneration.
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Basement M e m b r a ii e .—The basement membrane of the

tubules presents a somewhat remarkable appearance (PL 20,

fig. 13). Between the basement membrane cells and the

epithelium is a layer, the substance of which is in some cases

almost amorphous and in others distinctly fibrous. Elongated

nuclei occur either within or central to this layer. Kudiments

of this structure are present in all the tubules. In some it

has become so thickened that the epithelial cells are compressed

into a small mass in the centre of the tubule, and in a few in-

stances are completely obliterated. The layer appears to be

white fibrous tissue in various stages of development and with

Van Gieson's and Mallory's stains takes on the same colora-

tion as does the intertubular fibrous tissue. It is presumably

formed by the cells of the basement membrane.

The same phenomenon was observed in the human testis

(PI. 20, fig. 14). In this specimen the majority of the semin-

iferous tubules are completely filled with a lightly-staining

substance of gelatinous appearance bounded by the cells of

the basement membrane. Occasionally a small central space

containing cell debris remains. With Van Gieson's stain this

material takes on the acid fuchsin as does the white fibrous

tissue in other parts of the gonad. In some tubules fine fibres

can be distinguished in the amorphous matter. A similar

gelatinous layer invests groups of interstitial cells and the

tubules of the rete testis. In these latter cases the substance is

apparently produced by the neighbouring connective tissue cells.

It would appear that increase in fibrous tissue is correlated

with colloid degeneration of the germinal epithelium. Large

quantities of fibrous tissue are conspicuous both in the goat

and in the rabbit, but not in the undescended testis of a cat

(to be described later) in which degeneration had only just

begun, nor in the testis of a pig in which spermatic tissue has

undergone fatty degeneration. Our explanation of this

correlation is that the colloid produced by the degeneration of

the germ cells has two possible fates :

(1) It may form large colloid globules in the centre of the

lumen.
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(2) It may soak betweon the peripheral epitlieHal cells into

the iiitertubular tissue and stimulate; the connective-tissue cells

to an increased production of white librous tissue. Such a condi-

tion is connnonly met with in cancer and other pathol(jgical

states in which colloid or nuicoid degeneration is in progress.

The white hbrous tissue is usually laid down around some
solid structure such as a tubule or an aggregation of cells.

This is the; condition in the human.

The colloid may follow both courses in the same testis as

in the case of the goat and the rabbit.

Stone, in his paper on a pseudo-hermaphrodite goat/ men-
tions a ' layer of hyaline material ' within the basement mem-
brane of the tubules. Doubtless this is of the same nature as

the structures we have described.

Inter tubular Tissue .—As in the goat, the intertubular

tissue is present in large quantities. It is composed chiefly of

white fibrous tissue and interstitial cells. The bundles of

fibrous tissue divide the gonad into a number of small com-

partments in which lie the interstitial cells.

The interstitial cells are well developed and very numerous.

The cell-limits are distinct. The cytoplasm is granular and

contains a large circular nucleus of finely granular structure.

A nucleolus is present. The interstitial cells appear to be in

rapid proliferation in certain areas in wliich numerous mitotic

figures are seen (PI. 21, fig. 15). In places the interstitial cells

seem to be undergoing a remarkable metamorphosis (PI. 21,

fig. 16). The cytoplasm increases in volume and becomes more

granular, while the nucleus takes up an eccentric position. The

cytoplasm finalh' increases to about t-s\-ice its original size,

and the nucleus is situated at the extreme periphery—it may
even cause a slight bulging of the cell wall. Such cells are

usually formed in patches which are clearly demarcated from

the surrounding tissue. The}' may, however, occur in small

groups in which the various stages in the transformation can

be followed. It Avould appear that the granular cells are fat-

^ R. S. Stone, " Atypical Male Sex-eusemble in the Domestic Goat ",

' China Medical Journ.', v. 34, November 1920.



OVUM-LIKE BODIES IN THE TESTIS 569

forming.^ In the very degenerate abdominal testis of a pig

which has been examined in this Department we meet with

a precisely similar type of cell."^ In this case, however, the

proliferation has been completed and enormous quantities of

interstitial tissue are present. The fibrous tissue has almost

disappeared. All the interstitial cells have assumed the fat-

forming character we have described, but are at a slightly

more advanced stage than is usually the case in the rabbit

in that the cytoplasm shows small circular vacuoles from which

the fat has been dissolved during fixation. In the human
undescended testis to which we have already referred a similar

condition is found. The immense increase in interstitial tissue,

so striking a feature in the pig and rabbit, was not seen, but

all the interstitial cells have taken on the character of fat-forming

cells. The cytoplasmic vacuoles are much larger than in the

pig, and in some cases occupy most of the cell.

Tunica Alljuginea .—-The tunica albuginea is con-

siderably thickened at one point but otherwise appears normal.

Epididymis.—The epididymis (PL 21, fig. 17) is closely

invested at all points by a thick layer of adipose tissue which

separates it from the gonad. The cytology of the epithelial

cells appears almost normal, although in certain of the cells

the cytoplasm has a shghtly vacuolated appearance. Cilia

are visible. The lumen is filled with a lightly-staining coagulum

in which appear circular vacuoles. Deeply-staining cell detritus

is also present.

Intratubular Bodies.—Ovum-like bodies are present

in large numbers. They closely resemble those found in the goat

but have not reached such an advanced stage of formation.

Structure.—Calcification appears in comparatively few;

most give the vivid orange coloration with Van Gieson's stain,

characteristic of colloid degeneration (PI. 18, fig. 3). When

^ Since writing the above this question has been investigated further.

It would appear that the cells are not ' fat-forming ' but are enlarged

owing to accumulation in the cytoplasm of various nutritive materials,

A paper dealing fully with this subject is in the press.
' ' Veterinary Journal', March 1922.
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stained with Mallory's stain they are affected by Orange G.

only, whatov(T the period of staining. A few display the blue

centre and bluish superficial film which we take to repre-

sent incipient calcification. Pairs of serial sections stained

alternately with Mallory's and Van Gieson's stains show that

those parts of a body which stain blue with Mallory's stain, stain

magenta or remain colourless with Van Gieson's stain. In many
of the tubules the bodies are surrounded by an aggregation of

cell material, but in others they lie free in the lumen. The

concentric structure characteristic of the bodies described in

the goat is most marked Init the number of rings is smaller

(PL 21, fig. 18). Indeed, in most cases only one ring is present

surrounding a more lightly-staining somewhat granular central

area. The primary ring is usually marked by secondary rings.

Sometimes two or more primary rings occur.

Formation .—The method of formation of the intratubular

bodies appears to be the same as in the goat, viz. by the lique-

faction of aggregates of epithelial cells. This liquefaction may
take place round a degenerate epithelial imcleus, as described

above (PI. 20, fig, 12), or may proceed directly with the formation

of one or more colloid globules surrounded by a mass of desqua-

mated cells. The centre is formed by a degenerate nucleus,

the ovum-like appearance is very striking. As has already

been stated, calcification has begun in relatively few instances.

Description of the Undescended Testis of

a Cat.

The testis was taken from a six months old animal and was

found at the external aperture of the inguinal canal. The

other testis had been removed from the scrotum a month

previously and there was then no sign of a second testis. The

cat was otherwise normal.

A microscopical examination reveals arrested de^•elopment

and early degenerative changes.

Seminiferous Tubules .—The seminiferous tubules are

of normal size and shape but show only the first stage of sperma-
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togenesis. Mitotic figures are rare. The lumina are occupied

by a protoplasmic syncitium. The nuclei of the epithelial cells

are mostly arranged in a single peripheral layer, although many
lie more centrally. In the majority of cells the outline of the

cytoplasm is indistinguishable as these cells tend to coalesce

laterally. Others, however, are clearly defined.

The epithehal cells appear to be of three types as follows :

(1) Typical spermatogonia. These contain a reticulate nucleus

with well-marked nucleolus. The limits of the cytoplasm in

neighbouring cells cannot be made out.

(2) Large cells lying immediately central to the basal layer.

They may be twice or three times as large as the basal cells.

The cytoplasm is very hyaline and the cells in consequence are

sharply demarcated from the more darkly-staining surrounding

tissue. The nucleus varies in size and staining capacity.

Typically it is finely reticulate and contains a nucleolus. It

may, however, be small and dense, or so large as to fill two-

thirds of the cell. In the latter case the chromatin material

is reduced to a few small strands and granules surrounding

a very large nucleolus (PI. 18, fig. 2).

These large clear cells are probably late spermatogonia.

Many appear degenerate, and in a few the nucleus is altogether

disintegrating. It is noticeable that the larger the cell the

greater is the relative size of the nucleolus. This fact will

be referred to later.

(3) The third type of cell has a rather small granular ovoid

nucleus containing a nucleolus. The cytoplasm is pyramidal in

form. It is attached at the base to the basement membrane
and is often drawn out into a protoplasmic filament. These

we regard as cells of Sertoli. The lumina of the tubules often

contain a deeply-staining amorphous substance which appears

to be a mixture of protoplasmic detritus and coagulated fluid.

Degenerate nuclei are usually present in such masses (PI. 22,

fig. 19). Small deeply-staining globular bodies (PI. 22, fig. 20)

occasionally occur in the central syncitium of the tubules and

more rarely among the peripheral cells. They are found to

stain brightly with the Orange G. of Mallory's stain. It would
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appear that they are colloid globules of the same nature as those

described in the goat and the rabbit. A coloured drawing has

been made (PI. 18, fig. 5) from one of the more typical of

these. The figure^ was taken from a section stained with

Mallory's stain. The body is seen to consist of a darker central

area surrounded by a lighter ring. It is invested by a proto-

plasmic syncitium. The tubule is lined with epithelial cells

most of which are attached to the basement membrane.

The formation of the colloid body seems to be initiated by

the nucleolus of one of the more centrally situated nuclei.

The process appears to be as follows : The nucleolus increases

to several times its original size, apparently absorbing the

rest of the nuclear material. The nucleus becomes more and

more vacuolated and is finally reduced to a large clear vesicle

containing an enormous nucleolus. All stages intermediate

between a normal nucleolus in a reticulated nucleus and a well-

developed colloid globule are seen (PI. 18, fig, 2).

Intertubular Tissue (PI. 22, fig. 21)—The Inter-

stitial Cells show reduction instead of hyperplasia. They

occur in columns and groups which are usually closely applied

to the basement membrane of the tubule.

A large elongate group is found intercalated between two

layers of the tunica albuginea. The nuclei are spherical and

have a very distinct nucleolus. T'hey are usually eccentrically

situated. The cytoplasm is very vacuolated, especially in those

cells which occur in the tunica albuginea. In many of the

latter the cell is almost an empty vesicle. Fibrous tissue is

present in small quantities.

Epididymis .—The epididymis appears normal and typical.

It is lined with the usual columnar ciliated epithelium resting

on a basal layer. The lumen in places contains masses of

debris. The connective-tissue stroma is normal.

Vasa Efferentia.—These consist of the usual layer of

columnar ciliated cells somewhat shallower than that of the

epididymis.

Tunica a 1 b u g i n e a .—The tunica albuginea is typical and

normal.
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Description of the Displaced Testis of a Frog.

A frog, Eana temporaria, was killed in April 1916. It

was an adult, measuring 5-2 cm. from the tip of its snout to

the symphysis of the pubis, while its accessory sexual apparatus

and its secondary sexual characters were entirely and typically

male. During the dissection it was noticed that while the left

gonad was a testis, normal in every respect, the right gonad was

missing. But there was a tumour 10 mm. long and 6 mm.
broad, encased in a fibrous tissue capsule and firmly attached

to the muscle-sheaths of the m. rectus abdominis and

m. triceps fern oris and lying upon and distal to the right

groin. Naturally it was assumed that this tumour was the

missing testis and search was made for vasa efferentia but

none could be found, for the tumour was not connected with

any part of the genital system. Further dissection showed that

there was a hernia, the sac of which was provided by the

abdominal peritoneum and which w^as covered by the stretched

fibres of the m. obliquus extern us. The neck of the sac

was almost completely obliterated by fibrous over-growth

and was adherent to the adjacent surfaces of the m. rectus
abdominis and m . triceps f em o r i s at the site of their

origin, while the dorsal surface of the tumour was firmly

adherent to the ventral surface of the latter muscle. It is

of interest to note that the location of this tumour is very

nearly that of a testis in the scrotum : it lay close to where

the external ring of the inguinal canal would be.

On section the left gonad has the structure of the normal

testis. The tumour proved to be the missing testis, but its

structure is peculiar in that while the tissues near the periphery

have the normal structure of a testis, the central parts of the

gonad consists of a loose matrix of indefinite tissue amongst

which many large bodies closely resembling ova are found.

The gonad has the structure of the intermediate gonad as

defined by Schmitt-Marcel ^ and of the testis of indirect

development as described by Witschi.- The testis is encased

1 ' Arch, f. mikr. Anat.', vol. 72, p. 516, 1908. ^ j^i^j^ y^i §5, 1914.

NO. 264 R r
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in a thick capsule of fibrous tissue and muscle-fibres and

branches of the femoral artery provide a blood-supply by
which the gonad is nourished. No vasa efferentia are present.

The condition of the seminiferous tubules shows that there

had been active spermatogenesis prior to the displacement of

the gonad. Many of the tubules are still comparatively normal

and are thickly lined with spermatozoa which are arranged

with the heads attached to the basement membrane and the

tails extending into the lumen (PI. 23, fig. 22). In other tubules,

however, we find evidence of degeneration. As in the cases of

goat, rabbit, and cat, degeneration takes place from within

outwards. The tails lose their outline and fuse to form a

lightly-staining granular mass in the centre of the tubule.

The heads may remain distinct, but in more advanced stages

of degeneration they also tend to coalesce.

As we have already stated, large ovum-like structures com-

pletely filling the lumen are present in some of the tubules

(PI. 23, fig. 23). These consist of a deeply-staining peripheral

layer which is sharply demarcated from a more lightly-staining

somewhat granular central area. So far as we can judge from

the limited number of serial sections at our disposal, it seems

probable that the bodies are tubular and follow the convolution

of the tubule in which they are contained. We are, however,

not certain on this point, although it is significant that the

bodies almost invariably occur in groups of two or three, as

if several convolutions of a single tubule had been sectioned

at once.

We regard these structures not as ovarian in character but

as a result of a more advanced stage in the degeneration of the

seminiferous tubules. It would appear that they represent an

early phase of that colloid degeneration which has been described

in the goat, rabbit, and cat. Actual colloid has not yet been

formed, but liquefaction has advanced so far that the heads and

tails have coalesced into single protoplasmic masses. The dark

peripheral layer appears to be formed by the heads, the light

central area by the tail, and the seminal fluid occluded in the

tubule.
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Summary.

In the study of the ectopic testes of a goat, rabbit, and frog,

bodies were found bearing a strong resemblance to ova within

Graafian folhcles. However, these proved to be not ovarian

but the degeneration products of the germinal epithelium of

the seminiferous tubules. The bodies appear to be produced

by the gradual liquefaction of masses of desquamated cells,

whereby large colloid globules are formed which subsequently

undergo calcification. The gonads of the frog, rabbit, and

goat jDresent a progressive series of these degenerative changes.

1. In the frog the bodies are still protoplasmic and are

formed by the liquefaction of spermatozoa. The tails of the

sperms give rise to a central lightly-staining area which is

surrounded by a broad dark ring formed by the lateral coales-

cence of the heads.

2. In the rabbit degeneration has in most cases reached

the colloid stage. Large spherical bodies, which with Van
Gieson's stain give the orange coloration characteristic of

colloid, are found in the lumina of many of the seminiferous

tubules. A few are showing signs of calcification. They are

formed (a) by the liquefaction of protoplasmic detritus around

the nucleus of a degenerate spermatocyte ; (b) by the coales-

cence of several small colloid globules formed in the centre of

a mass of cell debris.

3. In the goat the large colloid globules are undergoing

calcification, as is shown by a study of sections stained with

Mallory's and Van Gieson's stains. Only a few of the smaller

globules give the colloid coloration. The formation of the

bodies appears to be the same as in the gonad of the rabbit.

The undescended testis of a young cat was also examined

microscopically. This shows a very early stage of degeneration.

Spermatogenesis has ceased and the syncitium in some of the

tubules is degenerate. Minute colloid globules which seem to

be derived from the hypertrophied nucleoli of spermatocytes

occur in the syncitial protoplasm of some of the tubules.

R r2
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Points of interest in connexion with this stud\' are as fohows :

1. It seems probable that many of tho structures in abnormal

testes wliich have been regarded as ova are in reality of a

degenerative character, similar to that of the bodies we have

described.

2. The interstitial cells of the rabbit's testis are in certain

areas being metamorphosed into what appear to be fat-forming

cells.

3. The colloid degeneration of the spermatic epithehum is

correlated with an increased production of white fibrous tissue.

This phenomenon may be explained on the assumption that

some, or, as in the human, the whole of the colloid percolates

through the peripheral layer of cells and stimulates the cells

of the basement membrane and of intertubular connective

tissue to greater activity.

EXPLANATION OF PLATES 18-23.

Plate 18.

Fig. 1.—Goat. Seminiferous tubule. x470. Stained •with Van Gieson.

All the epithelium is desquamated into the lumen to fonn a syncitial mass

in which several ovum-like bodies are ux the process of formation. Two
complete bodies are seen, the lower one is completely calcified but the

centre of the upper one still gives the orange coloration characteristic

of colloid. A number of colloid globules are seen in other parts of the

lumen.

Fig. 2.—Cat. Spermatocytes within seminiferous tubules. x 900.

Stained Mallory. Shows every stage in the formation of colloid globules

by hypertrophy of the nucleolus. In (a) and (c) the cells are centrally

situated, m (b) they are peripheral.

Fig. 3.—Rabbit. Seminiferous tubule, x 470. Stained Van Gieson.

Two ovum-like bodies are present surromided by desquamated cells. They

show the vivid orange coloration characteristic of colloid. Calcification

has not yet set m. The thickened basement membrane is also seen.

Fig. 4.—Goat. Seminiferous tubule, x 470. Stained Mallory. A single

circular body lies within the tubule and consists of a central whitish area

surromided by a bright blue rmg. A circle of more darkly-staining

granules is also present and the body is invested by a large mass of debris

which at one side spreads out into a syncitdum connecting the central

bodv with the wall of the tubule.
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Fig. 5.—Cat. yeminiferous tubule, x 470. Stained Mallory. The
centre of the lumen is filled by structureless protoplasm in which is seen

a spherical body brilliantly stained with Orange G, The peripheral cells,

though showing no mitosis, are comparatively normal.

Fig. 6.—Goat. Ovum-like body within a seminiferous tubule, x 470.

Stained Mallory. The peripheral parts stain blue indicatmg commencing
calcification. The germinal epithelium is more degenerate than in fig. 7.

Plate 19.

Fig. 7.—Goat. Seminiferous tubule containing two of the ovum-like

bodies, x 320. Each body is composed of concentric layers sharply

demarcated and apparently homogeneous. The central area is paler and

the investing cells are very degenerate. The cytoplasm of the germinal

epithelium shows no cell-limits.

Fig. 8.—Goat. Seminiferous tubule, x 200. The mass of cell detritus

within the tubule is undergoing a colloid degeneration. Globules of

colloid are seen at the top right-hand part of the mass.

Fig. 9.—Goat. Seminiferous tubules, x 125. In the upper right-hand

corner is a tubule containing an aggregation of cellular material showing

a further stage of colloid degeneration than in fig. 8. A single ovoid body is

also seen withm a very degenerate tubule. In this there are no concentric

layers, but the mass contauis a number of highly refractile granules.

Fig. 10.—Goat. Seminiferous tubule. x 320. The tubule is less

degenerate than the preceding. Only the peripheral layer of epithelial

cells is present. In the centre of the lumen is an aggregation of cells

surrounding a circular body built up of two concentric rings and a darker

central area. The investmg cells show two distmct layers, an outer in which

the nuclei are visible and an iimer in which no cellular structure can be

distmguished.

Plate 20.

Fig. 11.—Rabbit. Semmiferous tubule, x 400. The peripheral cells

(spermatogonia) are still comparatively normal. Two examples of pluri-

polar mitosis are seen in the bottom right-hand corner of the lumen. The
centre of the tubule is filled with a loose syncitium m which lie a few large

clear spermatocytes and some degenerate nuclei.

Fig. 12.—Rabbit. Seminiferous tubule, x 770. The centre of the tubule

is occupied by a hypertrophied nucleus surrounded by a stellate mass of

protoplasm. This probably represents the first stage in the formation

of these intratubular bodies.

Fig. 13. Rabbit. Seminiferous tubule. x285. Showing the thick

fibrous layer surroimding the tubules. This is apparently formed by the

cells of the basement membrane m response to stimulation by the colloid,

some of which probably percolates through the peripheral epithelial cells.

Fig. 14 •—Human. Seminiferous tubules, x 285. Shows the enormou
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development of fibrous tissue which in the case of the left-hand tubule

has entirely obliterated the lumen. The fibres in this case are very fine.

Plate 21.

Fig. 15.—Rabbit. Intertubular tissue, x 750. Shows a large number

of interstitial cells, one of which is in mitosis. The nuclei are large, circular,

and not very deeply staining.

Fig. 16.—Rabbit. Intertubular tissue, x 750, Shows metamorphosed

interstitial cello. The nuclei arc of the same type as in fig. 15, but the

cytoplasm is much increased in quantity and is very granular.

Fig. 17.—Rabbit. Epididymis, x 60, Almost normal in structure but

closely invested by adipose tissue.

Fig, 18,—Rabbit. Semuiiferous tubule, x 380. A smgle large body
enveloped by degenerate epithelial cells is seen. The concentric structure

is most marked, A smgle primary ring is present surrounding a light

central area. Both the primary ring and the central area are marked by

secondary rings,

Plate 22,

Fig. 19.—Cat. Seminiferous tubules, x 350, The epithelial cells are

fairly normal, containing an oval nucleus with a well-marked nucleolus.

The centre of the lumen is occupied by a dark coagulated mass containing

degenerate nuclei.

Fig. 20.—Cat. Semmiferous tubide, x600. The tubule shows little

sign of degeneration save absence of mitosis and the presence of a deeply-

stained ovoid body in the centre of the sjTicitial protoplasm. This probably

represents an early stage m the formation of bodies such as those found

in the goat and rabbit.

Fig. 21.—Cat. Intertubular tissue, x 600, A few groups of interstitial

cells are seen, one of which is applied to the basement membrane of the

tubule on the right-hand side of the figure. The nuclei are darkly stained,

circular, and contain a nucleolus. The cytoplasm is much vacuolated.

Only a small quantity of iiitertubular tissue is present.

Plate 23,

Fig. 22.—Frog. Complete section of the displaced gonad. In the

peripheral tubules the structure is faii'ly normal but the tubules Ij'ing

more centrally are shrmiken and degenerate. Two ovum-like bodies are

seen in the lower half of the section.

Fig, 23,—Frog, Ovum-like bodj- within semmiferous tubule, x 320.

The body consists of a dark outer layer formed by the coalesced heads of

the spermatozoa and a light granular central area composed of coagulated

semmal fluid and liquefied sperm flagella.
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Glossobalanus marginatus, a new
species of Enteropneusta from the North Sea.

By

Alexander Meek.

With 14 Text-figures.

The only species of Enteropneusta which have been

recorded from the area of the British Isles are two species

of the genus Dohchoglossus, one from the west coast of

Ireland (Ballynakill Harbour—Tattersall, 1905), the other

from the west coast of Scotland (Sound of Mull—Assheton,

1908). These presumably, like other species of the genus,

have an embryonic development. The occasional capture

of Tornaria off the coast of Ireland, in the Irish Sea, in the

Channel, and at St. Andrews have indicated that Balano-

glossus and its allies occur also in the area, but hitherto such

have evaded capture. The specimen about to be described was
captured off the Fame Islands and thus extends the range

of the group to the east coast and the North Sea, and it has

the further importance of belonging to a genus and a family

the members of which more than probably pass through

a larval phase. The specimen was obtained during a survey

made off the coast of Northumberland by the Ministry of

Agriculture and Fisheries at a depth of about 52 fathoms

off the Longstone, the instrument in use being a small

Petersen grab. The position of the boat at the time (9 a.m.

on August 22, 1921) was 55° 33' N., 1° 7^' W. I have to

thank the scientific staff for kindly submitting the specimen

to me for description.

1. The Adult.

External Characters .—The specimen is the anterior

end of a mature male and measured longitudinally, proboscis
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7 mm., collar 5 mm., and the trunk, which was cut off at

the end of the genital region, about 50 mm. At the posterior

end the beginning of the region of the liver caeca was

fortunately included. The specimen, as Text-fig. 1 shows,

was bent at right angles in the post-branchial region.

The colour after preservation in spirits is brown, due as

will be seen to dark pigment-cells lodged internally to the

Text-figs, 1, 2, and 3,

gill
.

region

collarprobosCIS

mouth

ventral

pigment spots

ventral
margin

i gen. wing

proboscis

Fig. 1,—View from left side of anterior end.

Fig. 2.—Ventral view of the anterior end of the trunk to display folds

of oesophageal region which is limited on either side by the ventral

genital groove.

Fig. 3.—Dorsal view of proboscis showing proboscis pore.

longitudinal muscles of the body-wall. The proboscis is

almost white and the gonads yellow. The brown colour

marks the collar, on the trunk it differentiates the ventral

body-wall from the genital wings. The yellow-coloured

gonads stand out prominently on the wings, and the brown

colour which intervenes between them and the body-wall
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helps to define them. Ventrally on the trunk the brown

pigment is concentrated to form a paired series of dark spots

which he one on each side of the ventral median line.

The proboscis is short and rounded, laterally compressed

in front and expanded on each side near the collar. At this

point it measures transversely 5 mm. It narrows again

rapidly to form a neck of attachment to the collar, which

provides a recess for its reception. The neck dorsally

presents a single median proboscis pore. Behind the pore

an opening on the anterior wall of the collar may be artificial,

but it is in the position of the neuropore (Text-fig. 3). The

proboscis was cut in two transversely before the specimen

reached me. The interior is a wide cavity which, as has

been said, communicates with the exterior by a median

proboscis pore. Basally it presents a simple diverticulum

or so-called notochord, and there is no vermiform process.

The collar is markedly muscular. It forms a folded edge

anteriorly, and it is occupied around the middle of its length

by a groove. It is rounded in section and the groove

measures about 5 mm. in all diameters. The collar is also

defined posteriorly by an edge, but passes after a slight

depression into the trunk.

The trunk is resolved externally into the ventral body-wall

and the genital wings, and these are separated by a lateral

groove which, like the genital wing at first gradually and

posteriorly more rapidly, is carried towards the dorsal aspect

of the body (Text-fig. 1). The wings are occupied by the

gonads in the form of irregularly folded but on the whole

transverse ridges which project from the surface. They are

large and in the specimen approximated over the dorsal

region of the body so as to occlude the latter from the

exterior.

The genital wing of the left side is larger transversely than

that of the right, and this mark of asymmetry is emphasized

by the sinuous path of longitudinal features of structure

like the dorsal groove between the genital wings, the ventral

nerve-cord, and the paired series of pigment spots. The
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ventral line is carried to the left, then to the right, and again

to the left. At the posterior end of the body, which is

laterally flattened, the ventral angle is not that of the ventral

nerve but to the right of that hne (Text-fig. 4).

A still more noteworthy feature of the exterior is the

presence of folds of the body-wall, the glandular folds of

Spengel. In front they are irregular but mainly transverse

(Text-fig. 2) ; behind the gill region they become markedly

Text-figs. 4 and 5.

Fig. 4.—Internal surface of alimentary canal at the posterior cut

end of the specimen—the region of the liver caeca—to show
the disposition of the folds and the real median line to one side

of the actual median line. The upper end is anterior.

Fig. 5.—External view of the body-Mall at the posterior end of the

genital region to shoAv the condition of the folds on either side

of the ventral nerve-cord.

transverse on that part of the body-wall below the genital

wings, the area occupied increasing as that of the genital

wings diminishes. In this posterior portion of the specimen

(Text -fig. 5) they emerge from the mid-ventral line as narrow

folds which expand into a club shape and narrow again,

either ending abruptly or passing into oblique folds of the

body-wall. If they end they do so in a series which defines

a longitudinal groove, and similar but usually oblique grooves
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are formed by the folds ending in succession along the same

line. Posteriorly the lateral walls are occupied by grooves

and folds which pass in this manner from the ventral aspect

upwards and backwards. The condition ventrally of the

folds is remarkably similar to that described by Spengel

in the case of Glossobalanus elongatus from the

Gulf of Naples. The only difference is that in the North

Sea specimen the folds are fairly regular in size, whereas in

the Naples form they were alternately large and small.

Spengel pointed out with regard to them :
' Mir ist eine

solche Anordnung, die sicher bei Gl. sarniensis nicht

vorkommt, bis jetzt von keiner Enteropneustenform

bekannt.' It may be remarked that the Naples specimen

is asymmetrical much as the North Sea one is asymmetrical.

The right series of gonads end slightly in front of the

left and give place to the liver caeca in the form of diver-

ticula of the gut and the body-wall on either side of the

mid-dorsal groove which emerges from between the genital

wings. At this posterior end of the specimen it is seen that

the external folds are paralleled by folds of the wall of the

alimentary canal (Text-fig. 4).

It is impossible from the strongly approximated condition

of the genital wings to state the length of the branchial

region, and it will be as well here to anticipate the further

description and to complete our review of the external

characters by saying that it is about 15 mm. This region is

covered externally by the large genital wings so that the

usual triangular space behind the collar is reduced to a slit

and even basally next the collar the space is not very wide

(Text-fig. 1). It is further to be observed, not merely

by the presence of a groove which delimits the genital

\vings from the ventral body-wall of this front region of the

trunk, that the branchial region is defined from a widely

expanded oesophageal region.

These features, the distinct oesophageal chamber below the

branchial region, the absence of a vermiform process to the

diverticulum, the presence of liver caeca, the single median
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prol)oscis porp, all lead to the impression that the specimen

belongs to the family Ptychoderidae. This family includes

the genera Ptychodera, Balanoglossus, and (ilossobalanus,

and it has already been seen that the specimen bears some
undoubted claims to affinity with Glossobalanus.

Now there is no better region of the body which may be

appealed to for the purpose of setthng which genus is the right

one than the post-branchial region. In Ptychodera the gills

open by wide lateral slits, in the others by small pores. In

Ptychodera the gonads open by many openings on the inner

aspect of the genital wings, in Balanoglossus by a single

series of pores near to the gill-pores, in (ilossobalanus by

a single series of pores on or near the margin of the genital

wings.

I felt justified, therefore, in excising and cutting into

sections a small part of this region. Unfortunately the

specimen was indifferently preserved, and had to be subjected

to several changes of alcohol. Good sections were therefore

not to be expected and they were not obtained. The internal

epithelium suffered most, as ISpengel found in the case of

Glossobalanus elongatus. But the general morpho-

logical features were quite well displaj-ed, and in the case of

the gonads in particular even histological detail.

Before proceeding to describe the more important features

displayed by the sections it is obvious that the presence of

synapticula shows that we were right with regard to family,

and the opening of the gonads near the margin and the disposi-

tion of the lateral septum indicate that the genus to which

the specimen belongs is Glossobalanus. The specimen agrees

also with the majority of the species in possessing a com-

paratively short branchial region.

Post-branchial Kegion.—A portion of about 6 mm.
of this region was removed and cut into transverse sections

and Text-figs. 7-11 are from shdes 1, 11, 19, 22, 23, and 24.

Text-fig. 12 is taken from shde 16, and Text-fig. 13 from slide

4. The sections show that in spite of the large genital wings

the specimen is structurally a Glossobalanus. The asym-
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metry is apparent, and, as has been seen, it is not produced
altogether by distortion.

The body is enclosed in a dorsal and ventral wall and on
each side is expanded into the genital wings, and the body-
wall at the origin of the wing on each side presents distinct
grooves—dorsal and ventral genital grooves. The ventral
groove has already been observed externally and extends as
has been noted, from the collar to the end of the genital reg/on
The dorsal genital groove likewise extends along not merelv
the branchial region but the whole of the genital region
The alimentary canal is resolved into a large dorsal pharynx
and a wide oesophagus. The walls of the pharynx are per-
forated by gills opening into gill-pockets which are provided
with openings in succession along a line medially situated to
the dorsal genital groove on the dorsal wall of the body.
The gills have the typical enteropneustan structure. The aili
septa or primary bars present ridges externally and are
supported by skeletal plates, which are conjoined and forked
internally and ventrally. Intervening between them are
the tongues or secondary bars, which are hkewise supported
by a pair of plates, but these are not fused. They lie on
either side of a narrow diverticulum of the body-cavity thus
not very far apart. They end below at the free end^of the
tongue. They are connected at intervals with the primarv
bars by synapticula and the shts are thereby converted into
a fenestrated succession of openings in each case (Text -fig 13)
I have not been able to find out exactly the number of synap-
ticula, but successive sections indicate the number to be
about ten. Nor can I state definitely the number of gills
but measurements made from the sections and from the
specimen show that the number is about forty to forty-five
on each side.

The medial line is marked above and below by the dorsal
and ventral mesenteries with the dorsal and ventral nerves
and vessels. The circular layer of muscles is xexy thin
The longitudinal muscles reach their highest development on
the ventral wall of the body. They are still well developed
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along tho outer wall of the genital wing, but they are small

on tho inner wall of the wing and rise again distinctly on the

Text-figs. 6-11.

qormnrn

blind sac

lateral

pigment

Figs. 6-11.—Transverse sections of the post-branchial region. The
left side is on tlie reader's left. The reconstructed relationship

of the gonad and gill is shown on the left side, the section as cut

on the right.

medial side of the gill-pores. As usual the space imme-

diately at the side of the dorsal and ventral mesenteries is

devoid of muscle, and along the line of the gonopores there
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is certainly an interruption, along the line, that is to say,

which Spengel defines as the sub-median line.

The genital wings are large and bend over the dorsal part

of the body to arch over a spacious atrial cavity. The

gonads occupy the wings and are resolved each into outer and

inner lobes, both much folded, but they amalgamate near the

summit of the wing to open by a pore not at the margin but

near it on the inner face of the wing. The margin of the

wing beyond the series of gonopores is a thin flap which is

reflected or may be reflected over the openings and serves

to occlude that part of the atrial cavity. The outer lobe of

the gonad is continued into this margin so that a short third

branch is present. In this respect the specimen indicates

an approach to the condition of Balanoglossus, and is

distinct from all the described species of Glossobalanus. An
indication of the displacement of the gonopore on the inner

side of the genital wing is shown in Spengel's drawing of

Glossobalanus minutus.
In the anterior end of the branchial region it is evident

that the gill-pores and the gonopores come into closer

relationship, but with the expansion of the genital wings

they are carried apart reaching the condition figured. An
inspection of the specimen shows, moreover, that posteriorly,

that is to say behind the branchial region, the gonopores

still occupy a high position on the wings. Several authors

have attempted to show that a relationship exists seg-

mentally between the gonopores and the gill-pores, and in this

specimen this appears to be the fact, for the succession of the

gill-pores is accompanied by a succession of gonopores. In

other words the region cut into sections bears the same number

of each. There are about five gonopores to 2 mm. in the

post-branchial region, and if the same distance between them

is retained over the length of the genital region there ought

to be some 120 pairs of gonads and gonopores.

The outer and inner lobes of the gonad are separated by

a lateral septum which extends from the region of the line

of the gonopores to the dorsal genital groove, and it is
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displayed in all the sections figured. This is the disposition

of the septum in the branchial region, but with the disappear-

ance of the gills the septum is extended medially to be attached

to the upper part of the post-branchial alimentary canal.

It is obvious, therefore, that in the branchial region of the

body the septum forms a cavity for the inner branch of

the gonad, and that this cavity excludes this branch of the

gonad from the space between the dorsal wall of the body

and the branchial region of the ahmentary canal ; or, to

put it another way, from the space between the dorsal

Text-figs. 12 and 13.

nurse
bodies

Qonopore

margin
ye/7. Yiirlff

dorsal ressel gill pore gen. groove

- gill
' septum

tongue

sperms

fC^wTOBttt^ \\

12 13

Fig. 12.—A more detailed view of a section of the margin of the

genital wing through the gonopore.

Fig. 13.—Section through a gill-pore of the right side to show dis-

position, the gill skeleton in section with synapticula, and the

insertion of the lateral septum to the genital groove.

genital groove and the dorsal mesentery. The gill-pores

are, therefore, not merely medial to the gonopores, they are

medial to the gonad. The outer lobe could certainly pene-

trate this region but it does not do so. It is only behind the

branchial region that the displacement of the septum to the

wall of the gut permits of the inner branch of the gonad

invading this region of the body cavity. This is a feature of

importance, for it is the disposition of the septum and the

gonad in the genus Glossobalanus, and it has been discussed

by Spengel in the monograph and in his paper on Gloss o-
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balanus eloiigatus (1904). The septum is a double one
and transmits the lateral vessels to the wing. It is also
connected by strands to both the inner and outer walls of
the wnigs and here also the pigment cells occur The
pigment cells are found also under the muscles of the dorsal
wall of the body, between the oesophageal region of the
alimentary canal and the muscles of the ventral body-wall
and on either side the pigment expands into conspicuous
masses which rise and fall with the folds of the body-wall as
has been noted.

In the above respects the specimen is very hke other species
of Glossobalanus. There is a close resemblance also with
reference to another feature, with at the same time a dis-
tinction of importance and morphological interest (Text-figs
8-11). At the posterior end of the branchial region the gills
become short and relegated to the dorsal side of the region
Ihe shortening of the gills is accompanied by a gain of the
narrow part of the ahmentary canal intervening between the
pharynx and the oesophagus. As soon as the gills end this
upper part of the tube suddenly expands dorsally and projects
as a short diverticulum over the posterior gills of the right
side, and in this region the dorsal mesentery is lengthened
on the inner side of the diverticulum. The other species of
Glossobalanus, as Spengel has shown, present such a diverti-
culum, but m all evidently it is a median one, or nearly som fi-ont of which a similar lengthening of the dorsal mesentery
has been remarked. The condition of the North Sea specimen
IS therefore like that of the others,, but it differs in the out-
growth being asymmetrical. It is scarcely necessary to say
hat the blmd sac recalls in its position and its origin the
hepatic diverticulum of Amphioxus.
The North Sea specimen is a male in the act of spawning.

Most of the gonads in the region of the sections are empty
or nearly so, and the sperms are collected in two masses
which occupy the sides of the atrial cavity. The lateral
masses are due not only to their issuing from the gonads of
each side but to the branchial current which tends to separate

NO. 264
g g
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them. But they are enclosed in a mucous-hke secretion

probably derived from the ectodermal gland-cells of the

atrial cavity. The secretion, however, is present in the

neighbourhood of the pore and plays its part in directing

the sperms laterally. The mass is tucked in within the spa'ce

formed by the margin of the genital wing and spreads out-

wards as a thin sheet outside the marginal flap. The anterior

gonads appear to discharge their contents before the posterior

and the loft before the right. In the sections the sperms

may be easily seen issuing from the gonopores and joining

the mass below, a mass containing countless numbers, each

having the usually flagellate shape with a rounded head.

Besides the sperms the gonadial sacs are occupied by bodies

which are highly refringent and eosinophile, and in the latter

respect in striking contrast to the sperms. Like the sperms

they arise in marginal cells and become detached. They

vary greatly in size and appear to have a protoplasmic

envelope, and the bodies, though usually apparently homo-

geneous, have sometimes an appearance as if they were made
up of a mass of smaller bodies. They are not as far as can be

seen nucleated. In the undischarged or partially discharged

folds of the gonad they surround the mass of sperms which

occupies the centre, but small groups of sperms are found

amongst them peripherally. In the discharged parts of

the gonads thej^ press into the interior, but whether this is

due to collapse of the tube or to actual multiphcation could

not be said. A few escape with the sperms and are seen in

the atrial mass and there appear to lose gradually their

eosinophile character. In the gonads also here and there

are large cells of the margin which project into the cavity

each provided with a large nucleus containing a large

nucleolus. The refringent bodies have been observed in other

specimens of Enteropneusta, and so far as can be said at

present they may be regarded as nurse-bodies.

It is possible that the peculiar condition of the atrial

cavity is due to the fact of the discharge of the sperms.

In the male the apposition of the genital wings may be
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necessary at that period to prevent the escape of the sperms

while the creature occupies the burrow. But even so it

must be acknowledged that the marginal outgrowth is

a morphological feature, and this has been indicated in the

specific name chosen for the species, which is further charac-

terized by (1) the brown pigment cells and their concentration

into a double series of ventral pigment spots
; (2) the asym-

metrical condition of the body, the blind sac, and the

genital wings
; (3) the large size of the genital wings ; (4) the

short third branch of the gonad. The depth at which

the specimen was obtained, 52 fathoms or 95 metres, may
also be a peculiarity.

2. The Larva.

The adult is not common and probably occurs in isolated

communities, one of which lies off the coast of Northumber-

land. An enteropneustan larva has been got rarely in the

North Sea, and it is worth while inquiring whether it is

likely related to Glossobalanus.

On August 6, 1890, a Tornaria was captured at the surface

in St. Andrews Bay, and I made a drawing of it in the living

condition in the Marine Laboratory there. This drawing

I reproduce (Text-fig. 14). It will be seen to be very like

a figure published by Bourne (1890) of a Tornaria captured

over deep water in the Channel. His figure 13 and the one

I now give are so similar as to lead to the opinion that they

belong not merely to the same genus but to the same species.

The anterior region is broad, the apical plate somewhat dorsal

to the mid-longitudinal line and occupied by a pair of optic

pits, the pre-oral and post-oral ciliated bands are simple not

presenting lateral folds or processes, there is a slight charac-

teristic bending of the transverse part of the post-oral band,

the stomach and intestine are wide. A Tornaria of this type,

and agreeing completely with the St. Andrews example, was

captured on July 27, 1921, off the Longstone, during a

plankton trip of the Evadne, in the mid-water net. Bourne

regarded his specimen as a fully-developed larva. A similar

S S 2
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larva is got at Heligoland, and at St. Andrews rrofessor

Mcintosh says it is obtained fairly regularly in August and

September. In the Channel another kind of larva is also

procured, Torn aria krohnii. Tornaria krohnii is

distinguished by a more conical shape anteriorly, by the

longitudinal ciliated bands being thrown into folds, and by

the stomach and intestine being narrow comparatively.

This larva is common in the Mediterranean, and it is common
inshore at Plymouth. Dr. Lebour was good enough to send

Text- FIG. 14.

Tornaria captured at St. Andrews, August 6, 1800, which it is

suggested may be the larva of Glossobalanus.

me examples from the Plymouth plankton and they all are

Tornaria krohnii, and Bourne had already stated that

the inshore larvae were Tornaria krohnii. Since

Heider (1909) obtained so fortunately early stages of

Balanoglossus clavigerus which he found to agree

with early stages of Tornaria krohnii, Stiasny (1913)

has been able to follow the history in greater detail, and

there appears to be little doubt that Tornaria krohnii
is the larva of Balanoglossus clavigerus. This

species is common on the south side of the Channel and

on the north-west coast of France.

At the west end of the Channel it appears then that there
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are two types of larvae, one of which is more than hkely

the larva of Balanoglossus clavigerus, and the

other somewhat but not widely different. There are also

found on the south side of the same region two nearlj^ related

genera, Balanoglossus and Glossobalanus, the latter with

the species G. minutus and G. sarniensis. It is

possible that the second type of larva is connected with

Glossobalanus, and if the evidence be extremely slender it

gains a little in weight by the fact that the same type of

larva and adult are present in the North Sea. Bourne's

larva may thus be related to either G. minutus or to

G. sarniensis, or it may refer to a species which is not

obtained inshore but at some depth and not yet discovered.

The North Sea type of larva is not unlike that described

by Agassiz and by Morgan from the Atlantic coast of the

North Atlantic, and a similar larva also occurs on the coast

of Cahfornia (Eitter and Davis, 1904).

Summary.

The specimen de.scribed was captured off the Northumber-

land coast on August 22, 1921, and its discovery extends

the range of the Enteropneusta to the North Sea and to the

east coast of the British Isles. It also adds a new genus to

the British list. It belongs to the family Ptychoderidae and
to the genus Glossobalanus, but it presents features which

indicate that it is a new species which has been called

Glossobalanus marginatus. It has been suggested

that it may be related to a larva which has also been found

in the North Sea.

It is a pleasure to express grateful thanks to Sir S. F.

Harmer and Mr. Kirkpatrick of the British Museum of

Natural History—to the former for valuable guidance in

literature, and to the latter for an opportunity of examining

the museum's collections of Enteropneusta.
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studies on Insect Spermatogenesis.

V. On the Formation of the Sperm in

Lepidoptera.

By

Robert H. Bowen.

(From the Department of Zoology, Columbia University.)

With Plates 24-26.

In a paper published several years ago by Gatenby (1917 a)

an account of sperm formation in Lepidoptera was given,

certain features of which departed rather widely from the results

of previous workers on similar material. Particularly interest-

ing from my own point of view were the descriptions of the

origin of the acrosome and the history of the mitochondria

(' macromitosome ' or nebenkern) in the spermatid, these

matters having proved especially difficult to elucidate in the

Hemiptera upon which I had resumed work early in 1919. As

this work progressed, it became increasingly evident that the

facts in the Hemiptera (and in other forms which I have

studied subsequently) did not agree with certain important

features of Gatenby's account, and aroused the suspicion that

perhaps the facts in the Lepidoptera might be open to a some-

what different interpretation. I decided accordingly to put up

some lepidopteran material for purposes of comparison, and

during the last three years this has been done whenever

opportunity offered. Consideraljle difficulty was encountered,

due to the impossibility of accurately determining the age of

pupae from their external appearance, and a proper range of

preparations was therefore not easy to obtain. Certain stages

are in fact still incomplete, but the general features are now
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sufficiently clear to permit comparisons with other insects and

it did not seem worth while to pursue the matter further at

present. This paper will deal, therefore, only with the mito-

chondria and (lolgi apparatus (' acroblasts '), and with them

particularly in the older spermatids.

I must confess that when I first saw Gatenby's figures they

aroused considerable scepticism. However, having now
examined the material for myself, I find that we are actually

in close agreement as to general appearances (so far as Gatenby's

account extends), but that my interpretation differs materially

from his in regard to several important points.

Material and Methods.

For material I have made use particularly of moths belonging

to the family Saturniidae, the cocoons of which were

readily collected during the winter and early spring in various

localities adjacent to New York City. Of these moths this

paper deals almost exclusively with Callosamia pro-

methea. The cells in this form are rather small, but this

disadvantage is offset to some extent by the large size of the

testes. Callosamia (and other satm-nids) has been studied

by Cook (1910), to whose account reference may be made for

the structural features of the testes, &c.^ For purposes of

comparison a study was also made of Pygaera bucephala,
the form upon which the original work of Platner (1889) and

the later classical studies of Meves (1900 and 1903) were based.

Material was obtained from ]\Tr. Ij. A\'. Newman of Bexlev,

Kent, Pygaera not being native to the United States.

Various methods of fixation were tried, but I found, in agree-

ment with Gatenby, that the best results were obtained AAith

Champy or Flemming without acetic acid (diluted in both

cases with water). Gatenbv is undoubtedlv correct in his

insistence on the necessity of eliminating acetic acid in the

case of lepidopteran material, for even in its absence the

mitochondria in the spermatocj^tes are very difficult to fix

^ See also Dederer (1907) on the closely related foriu, Philosamia
c y n t h i a

.
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properly. The P.w.a. mixture gave the best general results

and was particularly valuable for studjang the Golgi bodies

and acrosome ; while for the mitochondria in spermatocyte and

early spermatid stages only Champy was satisfactory. Fe-

haematoxylin, sometimes with light green as a counter-stain,

was employed exclusively for staining.

The Phenomenon of Polymegaly in Lepidoptera.

In his first paper on Pygaera, Meves (1900) called atten-

tion to the fact that the spermatocytes are of two sizes, the

larger of which produces normal spermatids and sperms,

while the smaller undergoes abnormal maturation divisions

and produces abnormal (apyrene) sperms. The problem stated

in this simple form by Meves has been complicated by the

account of Munson (1906), who finds in Papilio two sizes

of spermatocytes and spermatids both of which develop in

a perfectly normal way. He Ijelieves that the small generation

is to be considered ' normal ' in size, since the large generation

only makes its appearance late in the life of the butterfly.

Munson unfortunately mixed up normal and abnormal stages

in his account of sperm formation, and his statements are

accordingly difficult to evaluate. Without at first recalling

either of these cases, I noted independently that the spermatids

in Callosamia are of at least two (possibly more) well-

marked sizes. Of these, the larger generation certainly gives

rise to normal sperms. On the other hand, the smaller sperma-

tids apparently give rise as a rule to abnormal sperms, but

nevertheless they are often found in an advanced stage of

normal sperm formation, and considered separately would

certainly not be thought abnormal. However, Gatenby (1917 &)

states that the abnormal condition which results in the forma-

tion of apyrene sperms may exert its influence at different

times, and it seems probable, therefore, that these small

spermatids in Callosamia would undergo degeneration at

a later stage ; and cysts of small spermatids in later stages

have in fact been found in course of changes possibly degenera-

tive in nature. This being the case, my results would coincide
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in a general way with those of Meves. The chromosome
numbers in the large and small generations seem not to ha^e

been examined carefully, but if they are the same, as seems

probable, the Lepidoptera might be considered as another

example of the ' polymegaly ' which Montgomery (1910)

first described fully in Hemiptera.

I have recently (Bowen, 1922 c) given a full account of this

particular type of spermatic polymorphism in the family

Pentatomidae (Hemiptera), to which reference may be

made for the details of this phenomenon. It may be pointed

out, however, that in one important respect the conditions in

the Hemiptera and Ijepidoptera differ markedly ; for while in

the former all the cells, regardless of size, give rise to normally

formed sperms, in the latter the small generation seems to

give rise only to abnormal sperms, although the small spermatids

may first proceed for some time on an apparently normal

course, as noted above. Furthermore, in the Hemiptera all the

spermatocytes and spermatids in a given testicular lobe are

involved, while in the Lepidoptera only part of the cysts in

each lobe are affected and these apparently without any notice-

able plan. It may also be noted that in the Lepidoptera the

appearance of the polymorphic cells seems to be an accompani-

ment of testicular old age, while such a relation is entirely

lacking in the Hemiptera.

Notes on the Spermatocytes and the Spermatocyte

Divisions.

The notes in this section deal only with Callosamia.
In Callosamia the mitochondria are present in spermato-

cytes of the growth period in the form of very numerous

vesicular spheres or ovoids (fig. 42), approaching most nearly

in general appearance those figured by Gatenby (1917 «) in

Smerinthus populi and Pier is brassicae. They

tend to be accumulated particularly in one region of the

cytoplasm, and in my preparations are usually so closely packed

that they give the impression of a mass of soap bubbles. I wish
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especially to corroborate Gatenby's statement ^ of the duplex

structure of these mitochondrial spheres, since upon this

point depends a proper understanding of the formation of the

nebenkern. Each sphere consists primarily of a droplet of

some substance which has little or no affinity for the usual

stains, and to which the name of chromophobic material has

been appropriately applied. This material is enclosed in

a delicate envelope of some substance which takes haemato-

xylin rather sharply, and is accordingly termed the chromo-

philic substance. I wish to call special attention to the fact

that in a surface view of one of these mitochondrial vesicles

this chromophilic layer is so delicate that as a rule it does not

appreciably affect the transparency of the vesicle as a whole.

Only around the periphery of the sphere, where the thickness

of chromophilic material is sensibly increased by the effects of

curvature, does it become clearly visible. In other words,

a single (or double) thickness of chromophilic material would

not be noticeable in a properly differentiated preparation.

This point should be clearly understood, since upon the optical

principle involved depends a proper interpretation of the

' spireme ' in the nebenkern.

In the maturation divisions the mitochondrial vesicles seem

rarely to retain their spherical shape, but, as Gatenby has also

noted, are usually more or less drawn out in a direction parallel

to the long axis of the spindle. This is sometimes so pronounced

that in a cross-section through the region of the spindle poles

the vesicles, closely packed and decidedly elongate, are seen

to radiate outward from the neighbourhood of the centrioles,

reminding one very strongly of the conditions which I have

described in the Hemiptera (Bowen, 1920). Something of

this same appearance is shown by Gatenby (1917 a) in his

fig. 48, which is especially interesting because the nucleus is

still in the prophase, with its membrane intact. As the groups

of daughter chromosomes separate during the anaphase, the

mitochondrial vesicles become drawn out along the spindle,

^ This structure of the mitochondrial vesicles was first correctly described

by Meves (1900).
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and are finally separat(id into two equal masses by the constric-

tion of the cell wall. The vesicles then draw away from the

region of the mid-body and, gradually rounding up, regain their

former shape. This is shown particularly in the second matura-

tion division, at the close of which the nebenkern is constructed

(fig. 43).

The ' aero blasts ' of Gatenby are obviously the representa-

tives of the (rolgi apparatus, as he has also indicated in a later

publication, I wish only to call attention to the intimate struc-

ture of the individual (lolgi l)odies, since on this point I am not

entirely in agreement with (jatenby's account. According to

my observations each Golgi body is made up on a plan essentially

similar to that which I have described in Hemiptera (Bowen,

lO'iO), except that they are somewhat smaller, and hence less

easy to analyse. Each Golgi rodlet is accompanied by a small,

plate-like mass of material, which stains relatively less than the

Golgi substance itself, and which, as I have shown elsewhere, is

to be looked upon as a portion of the fragmented idiosome. The

vesicular portion which Gatenby sometimes finds is obviously

the equivalent of this idiosomic i)ortion of each Golgi body ;

but I ha^ e never happened to see in my preparations any case

in which it presented such a vesicular appearance.

In the maturation divisions the collection of the Golgi

material around the spindle poles has been correctly described

by Gatenby, but I cannot at present corroborate his statement

that the ' acroblasts ' are sorted out entire. The possibility

of their undergoing more or less fragmentation, such as seems

to occur so extensively in the Hemiptt^ra (Bowmen, 1920), ought,

I think, to receive much more thorough study before a final

decision is reached. In any event we seem to be agreed that

the Golgi bodies are ultimately present in the spermatids in

substantially the same form as in the spermatocj'tes.

Concerning the centrioles I have nothing new to contribute,

except that Cook's (1910) statement concerning the loss of the

tail filament in the first spermatocyte division of Callosamia
is apparently incorrect, and was based in all probability on

faulty technique.



insect spermatogenesis 601

The Formation of the Sperm,

The Structure and Fate of the Mitochondrial
Body or Nebenkern,

The condensation of the mitochondrial vesicles to form the

nebenkern (macromitosome of Gatenby) in Callosamia
follows immediately upon the completion of the second sperma-

tocyte division (fig. 43). For a detailed study of the method

of this condensation the Lepidoptera offer the best material

which has yet been found, the individual chondriosomes being

so large and their constituent parts so clearly differentiated

that the progress of events is not obscured by the stain, as

in the case of the Hemiptera (cf. Bowen, 19226). Gatenby

(1917 ft) has given a series of figures showing the various steps

in the process, and up to the stage shown in his figs. 15 and 38

the appearances in Callosamia are so nearly identical that

additional figures seem unnecessary. According to this worker

the process of condensation consists of a flowing together

of the mitochondrial bodies, ' forming at first elongated

structures, then loops, and finally filaments, the latter joining

up gradually to form a tangled anastomosing figure ', and

finally, ' a perfectly coiled spireme '. With this interpretation

of the process of condensation I am inchned to disagree, and

would like to suggest an alternative explanation which, I

believe, is also more in harmony with the later condition

of the nebenkern.

I agree with Gatenby that the essential feature in the

condensation phenomena is the flowing together or fusion of

the mitochondrial vesicles. But, as I interpret it, this results

not in forming loops or threads but merelj^ larger aggregates of

chromophobic materioJ, the chromophilic material running

together to form more or less complete partitions between the

chromophobic droplets. Simultaneously the chromophilic

material is withdrawn from the periphery of the mass as

a whole, so that finally a spheroid of chromophobic material

remains, subdivided in an irregular manner by chromophilic

partitions. One might, indeed, liken the whole nebenkern to
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a mass of soap bubbles. Although Gatenby's figures do not

show the point satisfactorily, I have found that in Callo-

samia the surface of the nebenkern is often deeply indented

at the points where the chromophilic partitions reach its

periphery, emphasizing the impression of a vesicular mass.

Doncaster and Cannon (1920) also show this very clearly in the

nebenkern of the louse (see their figs. 18 and 19).

In contrasting these two interpretations it must )>e frankly

admitted that the appearance of a thread-work is exceedingly

deceptive. Indeed, it is possible that neither view can be

conclusively proved without taking into consideration the

later stages, in which the facts are very clear. Nevertheless

two points against the thread-work interpretation may be

urged. In the first place, in none of Gatenby's figures or in

my own preparation is there any indication of the cut ends

of a thread such as are obvious in sections of the chromatin

spireme of dividing nuclei. It is exceedingly difficult to under-

stand how such loos(^ ends could be constanth' avoided in sec-

tions. If, however, the structure of the chromophilic substance

is that of a plate- work, the absence of ends is easily

explicable. A second objection is based on the optical arrange-

ments upon which the demonstration of the chromophilic

substance in the spermatocj'te chondriosomes was sho^^•n to

depend (see preceding section). It Mill 1)6 clear from a considera-

tion of these conditions that the visibility of the chromophilic

material in the nebenkern may well depend on its disposition

between closely adjacent chromophobic masses, the chromo-

philic septa being visible when seen on surfaces of sharp

curvature, but invisible when seen in plane view, just as in

the case of the individual chondriosome vesicles in the sperma-

tocytes. Indeed, every feature of the condensation process

becomes readily explicable if we think of it merely as a reduc-

tion in the number and arrangement of droplets of chromo-

phobic material by the concentration of their chromophilic

envelopes into more extensive separating membranes. Such

a conception also helps us very much to understand the

nature of the same process in other insects—the Hemiptera.
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for example—in which the ultimate structure is clearly a con-

bination of plate-work and vesicles, the intermediate steps being

obscured by the less favourable structural features of the

chondriosomes.

The next step in the condensation of the nebenkern is the

withdrawal of the chromophilic substance from all contact

with the periphery of the chromophobic mass as a whole,

resulting in the formation of a clear zone enclosing the now
centrally located chromophilic substance. This condition was

described by Platner (1889), and will be recognized as a con-

stant feature of the nebenkern in insects of all kinds. In accor-

dance with the view elsewhere developed (Bowen, 1922 ft), that

all this early activity in the nebenkern is merely indicative

of a centripetal condensation of the chromophilic material,

I would interpret the complete withdrawal of the chromophilic

material from the outer boundary of the nebenkern as merely

the last step in the progressive withdrawal of this material,

first from the outer periphery of the chromophobic mass as

a whole, and then from the connecting pathways which at

first traverse the outer chromophobic zone.

The stages in this process of withdrawal have been omitted

by Gatenby so far as I can judge from his figures, and in my
own preparations I have been unable to get completely satis-

factory illustrative material. The process is undoubtedly

difficult of analysis because it is during this interval that

the rearrangements are completed which lead to the final

organization of the chromophilic material into a more regular

plate-work. A frequent appearance of this stage has been

figured by Meves (1900, fig. 67) in Pygaera, and is shown
still more clearly by Doncaster and Cannon (1920, figs. 20 and
21) in the louse. The central area of the nebenkern tends to

stain more or less completely (as a result of slight imperfec-

tions in technique), concealing the detailed arrangements of

the chromophiHc material, while from this central accumulation

delicate connexions pass out to the periphery of the nebenkern.

These connexions are gradually withdrawn and the disposition

of the chromophilic material now becomes progressively clearer.
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In th(' larger spermatids of C a 1 1 o s a m i a , the general appear-

ance is still exceedingly complex, perhaps justifying the repre-

sentation which Gatenby gives in his figs. 40 and 42, for example.

But in the smaller spermatids, where the chromophilic material

is much less extensive, the condensation early reaches a point

wliere arrangements are sufficiently simple for a practically

complete analysis. Such a small spermatid of Callosamia

is shown in fig. 44. The chromophilic material occupies the

central area of the nebenkern, enclosed in a cortical zone of

chromophobic substance, and arranged in the familiar ' onion

'

pattern which has been repeatedly figured by many workers

on insect sperm formation. (Compare my figures from the

Hemiptera (Bowen, 1922b).)

The further condensation of the chromophilic material

now goes on rapidly, in a manner very similar to that which

1 have described in Hemiptera. In the Lepidoptera, however,

the nebenkern begins to elongate soon after the cortical

chromophobic area is established, this area remaining, in the

immediately subsequent stages, as a characteristic feature of

the nebenkern structure. With the elongation of the nebenkern

the condensation of the chromophilic material has soon pro-

gressed to a point where the details of its arrangement become

sufficiently simplified for satisfactory analysis. I have studied

these later stages in both Callosamia and Pygaera,

the latter being particularly good on account of the large size

of the spermatids. An early stage in the elongation of the

nebenkern of Pygaera is sho\m in fig. 1, and in fig. 3 a cross-

section through a nebenkern of the same stage. Figs. 4 and 5

are similar views at a slightly later stage in the elongation,

and fig. 6 is a cross-section of the nebenkern in a still older

spermatid. In fig. 45 is showii a cross-section of a nebenkern

in Callosamia when its elongation is well begun, and fig. 46

is a total view of a spermatid at a stage intermediate between

that of figs. 4 and 8. Figs. 8, 10, 14, and 13 are progressively

later steps in the condensation of the chromophilic sub-

stance.

A comparative study of this series of longitudinal and cross-
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sections will, I think, make clear the nature of the processes at

work, and their extraordinary similarity to the conditions which

I have described fully in the hemipteran nehenkern. In the

first place, it is abundantly clear that a ' spireme ' is in these

stages an impossible interpretation. There is no conceivable

arrangement of a thread in the nebenkern which will produce

a regular bounding line in both long and cross-sections of the

chromophilic material. Such an appearance can only be pro-

duced by a continuous surface, which, in accordance with the

optical principles previously referred to, would, if of proper

thickness, produce the effect of a simple line or thread when

seen in optical section. In other words the chromophilic sub-

stance is arranged in a plate- work, exactly as it is in the

Hemiptera. This is further proved by the fact that the chromo-

philic material now stains with sufficient intensity to be visible

in surface views (fig. 4, for example), a result impossible with

an open thread formation. The cross-sections particularly

show that this plate-work is arranged as a series of concentric

shells in which, however, more or less extensive irregularities

occur. The longitudinal sections are not so satisfactory, since

the section is rarely exactly parallel to the long axis of the

nebenkern, and this, coupled with the irregularities in the

plate-work and the difficulty of differentiating the various

layers with equal clearness, makes the picture particularly

confusing in the earlier phases of elongation.

This series of figures shows further that the chromophilic

substance is constantly diminishing in volume, with an increas-

ing simplification of its structural arrangements. Indeed, in

the later stages of condensation the cross-sections are especially

simple (figs. 47 a and 9 a and b), and exhibit in every particular

an exact parallelism with the same condensation steps in

Hemiptera. The final result of this process of condensation is

the complete disappearance of the chromophilic material, the

last stages in this process being shown in figs. 8, 14, and 13,

the last two being from the same cyst. The ultimate fate of the

chromophilic substance, and, indeed, all of the stages which

directly precede its complete disappearance are thus exactly

NO. 264 T t
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comparable to those which I have described in Brochymena
(Bowen, 19226). These later stages seem for the most part

to have been overlooked by Gatenby—at all events his account

of the fate of the chromophilic substance (' spireme ') seems to

be entirely incorrect. The source of his statement as to the

breakinfT up of the ' spireme ', as shown in his Text-ficr. 3, will

be considered in a later paragraph.

It will be convenient at this point to refer briefly to the

parallel course of events in the chromophobic material. As

the nebenkern draws out along the axial filament of the

tail, both chromo])hilic and chromophobic substances are at

first involved (fig. 1). Very soon, however, the chromophilic

substance ceases to elongate (figs. 4 and 46), and begins gradually

to shorten up as its dissolution advances. The chromophobic

material, on the other hand, continues to elongate very

rapidly (fig. 8), and tends gradually to become spun out towards

both ends ^^^th a median swelling in the region occupied by

the remains of the chromophilic plate-work (fig. 46). The

proximal end of the nebenkern (not to be made out in fig. 46)

seems to be anchored in the vicinity of the insertion of the

tail filament, as is the case in other insect sperms. The con-

tinued spinning out of the nebenkern results in the production

of a mitochondrial sheath for the tail filament, exactly as

in the Hemiptera.

It has long been known that the nebenkern becomes divided

into two equal masses in many insect spermatids (Hemiptera

and Orthoptera), prior to the spinning-out process, while in

Lepidoptera, according to the current descriptions, this divi-

sion is entirely omitted. In my study of the nebenkern in

Hemiptera (Bowen, 1922 b), I noted for the first time the

relation between the final disappearance of the chromophiHc

matter and the complete division of the nebenkern into two

equal parts. This relation was found to hold true in the Ortho-

ptera and Coleoptera also (Bowen, 1922 (?), and I ventured the

guess that in the Lepidoptera, ' a division of the nebenkern

will be found to occiu- once the chromopliilic substance has

been disposed of ' (Bowen, 1922 &, p. 69). This point has been
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very carefully examined, especially in serial cross-sections of

the nebenkern, and it is now clear that this guess was correct

in every particular. As in the Hemiptera the division of the

nebenkern is foreshadowed by the symmetrical disposition of

the chromophilic material (tigs. 3, 5, and 45), and the division

itself is accomphshed in the regions unoccupied by chromo-

philic material soon after elongation begins. In the region of

the chromophilic material itself, however, the division is not

(usually) completed until after the final act of dissolution,

a point in which the Lepidoptera agree with the Coleoptera in

which the splitting of the nebenkern is delayed in a somewhat

similar manner. In the Lepidoptera, however, there seem often

to be more or less local irregularities in the division process,

and it thus happens not infrequently that the final remnant of

the chromophilic material is left to complete its dissolution in

one of the nebenkern halves, while the division plane is com-

pleted (fig. 9 b). The general features of the division process

as outhned above are well shown in figs. 9, 12, and 47. In

fig. 9, which represents a nebenkern at the stage of fig. 8,

the division above (and below) the chromophilic substance is

completed (fig. 9 c), but in the region of the plate-work it is

still incomplete (fig. 9 a), with the exception of cases like

fig. 9 B already noted. In fig. 47 cross-sections of a nebenkern

like fig. 46 are shown. The more spun-out portions at the ends

of the nebenkern masses are shown in fig. 47 c, while the parts

nearer the middle are shown in fig. 47 b, and the region of the

plate-work itself in fig. 47 a. Comparison of figs. 3, 5, and 6,

with figs. 9 a and b, and fig. 45 with fig. 47 a, shows clearly

how the structure of the plate-work becomes progressively

simplified as the chromophilic material condenses. Just

before its final dissolution the plate-work is reduced to a simple

ovoid shell (figs. 9 a and 14), such as I have described in

Hemiptera and Coleoptera. (Compare also the figures of

Doncaster and Cannon (1920) in the louse.) In these late

condensation stages the plate-work, as against the thread-like

structure of the chromophilic material, seems to me unques-

tionable. As the figures show, the axial filament lies in the

T t 2
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groove between the two halves of the divided nebenkern, just

as in other insects.

After the division of tlie neljenkern (probably) the chromo-

phobic material bc^gins to develop constrictions, at first in the

more distal region of the sheaths, which (hvide it into a series

of bead-like masses. This process is shown particularly well in

figs. 7 and 10, although the development of these bleb-Uke

swellings is often (usually ?) deferred until after the disappear-

ance of the chromophilic material. The last -mentioned figure

is from a cyst of abnormally large sperms, and this may
account for the unusually earh^ development of the swellings.

These bead-like masses are rapidly separated from each other

by the spinning out of the intervening chromophobic material.

As a rule these delicate connecting strands are not well seen,

and the tails look like a series of clear vesicles often ^^^thout any

apparent connectives (fig. 11). This is particularly true in the

later stages of sperm formation, w-hen (he vesicles seem merely to

be scattered loose along the tail filament (figs. 17, 25, 35, 37, 40,

and 52 for instance). However, in material fixed in Flemming

without acetic acid and strongly stained in Fe-haematoxylin

the chromophobic material can sometimes be coloured very

sharply, and it is possible in favourable cysts to make out the

actual structure of the nebenkern derivatives \vith the greatest

clearness. From such preparations it is evident that the original

halves of the nebenkern have become spun out into delicate

threads which run parallel to the tail filament and at intervals

bear the bleb-like swellings, now present in larger number

but individually much reduced in size. The general appear-

ance is exactly like that in Euschistut* (see Bowen, 1922 &,

fig. 27). It is clear that these swellings are homologous with

the ' tail vesicles ', the formation of which was described fully

in the Hemiptera (Bowen, 19226).

Finally, the central substance which I have described

in detail in the Hemiptera (Bowen, 1922 b), and less com-

pletely in Orthoptera (Bowen, 1922<?), remains to be con-

sidered. As in the Hemiptera this material first becomes visible

in the chromophobic area of the nebenkern during the middle
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Stages in the dissolution of the chromophihc substance (figs. 4,

5, and 6). It does not stain very sharply with Fe-haematoxylin

and its exact morphology is difficult to make out. It seems,

however, to consist of small droplets which tend to run together

to form more or less irregular threads traversing the chromo-

phobic material in a direction parallel to the long axis of the

nebenkern (fig. 7, 8, and 13). As the chromophilic material

disappears, the central substance becomes more conspicuous

(fig. 10), and in cross-sections of the nebenkern appears exactly

as it does in the Hemiptera (figs. 9 c and 12b). In fig. 47 b
it has become condensed into a single strand in each half of the

nebenkern. (Compare with Holmgren's (1902) account in

Silpha, fig. 9 m.) As, in Ceuthophilus (Bowen, 1922^),

the central substance is present in the tail vesicles in much the

same form in which it appears in the unconstricted nebenkern

(figs. 10, 11, and 48). A more detailed account of the central

substance may be omitted here, since I have discussed the

subject in another paper (Bowen, 19226), to which the reader

is referred for comparative details, especially in the Hemiptera.

It will be observed that Gatenby has failed to recognize

the central substance in the lepidopteran nebenkern. In

studying his figures I have come to the conclusion that the

thread-like formations shown in the nebenkern in his figs. 47

and 20 are to be interpreted as central substance. He describes

these threads as resulting from the breakdown of the ' spireme ',

a conclusion which he seems to have reached on the basis of

the supposed structure of the early nebenkern, without having

traced out the necessary connecting hnks between the two.

My observations leave no doubt that the chromophilic and
central substances are morphologically distinct, and that

whatever the structure of the chromophilic material may be,

that of the central substance is in no way dependent upon it.

So far as my observations go they indicate that the threads,

spun out from the halves of the nebenkern, ultimately form

a sheath for the tail filament of the mature sperm, as described

in other insects by various workers. The fate of the tail vesicles

is not known.
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Notes on the Centkioles and the Transformations

OF THE Spermatid Nucleus.

I have found the centrioles in the Icpidopteran spermatid

exceedingly difficult to demonstrate Avith any degree of satis-

faction. I am, therefore, unable either to confirm or deny the

extraordinary account given by Gatenby. His statement

that one of the centrioles is cast off ought certainly to receive

the most careful examination. It is usually an easy matter

in the insect spermatid to demonstrate the centrioles in some

form or other at the point of insertion of the tail filament, but

in the moths which I have studied even this has usually proved

impossible. Mgs. 28-30 show at the end of the axial filament

a small granule, which is presumably the centriole(s), and

Gatenby's fig. 51 seems to show something similar. I wish

only to point out here that in the Lepidoptera, as noted by

many workers, the head of the spermatid is bent very sharply

at the point of insertion of the axial filament, so that the original

insertion seems to be near the anterior side of the nucleus rather

than at its base, as is customary. Subsequent stages indicate

that this may actually be the case, the centriole perhaps shifting

its position to the base of the nucleus when the latter elongates

to form the sperm head.

The breaking up of the chromosomes at the close of the

second maturation division offers no points of special interest.

The chromatic material becomes eventually spread out in a thin

and slightly uneven layer on the inner wall of the nucleus

(figs. 1, 4, 8, and 13), somewhat as in the Heiniptera (Bowen,

1922 a). During the later stages in the spinning out of the neben-

kern halves, a rearrangement of the chromatic material is

accomplished. This results in the appearances showTi in

figs. 15 and 16, in which one gets the impressi(m that a portion

of the nucleus is being cleared up by the ^\-ithdrawal of the

chromatin. Tliis seems actually to be the nature of the process,

for subsequently the nucleus appears divided rather sharply

into two areas, one of which is perfectly clear and transparent,

while the other retains the chromatic material probably still
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in the form of a thin layer on the nuclear wall (figs. 18 to 20).

The exact appearance depends, of course, on the orientation of

the nucleus with respect to the observer. This rearrangement

of the chromatin is again reminiscent of the hemipteran

spermatid (Bowen, 1922 a), with the difference that in the

Lepidoptera the clear area seems to be opposite the inser-

tion of the tail filament, rather than around it, as in Hemiptera.

This arrangement of the chromatin is very clear in Pygaera,
but made out with great difficulty, if at all, in my preparations

of Callosamia. Only in rare cases did the chromatin stain

with characteristic intensity in any of my preparations, the

fixation in Flemming without acetic acid being apparently

responsible for this. I have noted the same result in the testes

of other animals. It is an exceedingh^ fortunate failure, for

it allows of many observations which could not possibly be

made if the sperm head were intensely coloured. Occasionally,

especially in later stages, some of the heads in a cyst will stain

intensely (compare figs. 40, 41, and 60), a result which makes

easy the determination of the exact limits of the head itself.

The division of the head into the staining and non-staining

areas noted above, seems to have been made out by Platner

(1889), but his figures do not give a very adequate idea of the

actual conditions. During the early stages in the elongation of

the acrosome, the clear area gradually disappears (figs. 21, 22,

and 26), and the head then stains uniformly (figs. 28, 29, &c.).

During these latter changes the head seems to undergo a diminu-

tion in size, a phenomenon which is met with not uncommonly

(always '?) in insect sperm formation. The nucleus, at first

spherical, gradually elongates (figs. 35 to 41 and 57 to 60), as

in other insect spermatids, and eventually becomes a long,

delicate rod, not unlike the sperm head in Hemiptera (Bowen,

1922 a).

Aside from the differentiations already noted in the spermatid

nucleus, I have also constantly found within it a small darkly-

stained body, of spherical shape, which is perhaps of nucleolar

origin, possibly related to the intra-nuclear body which I have

described in the hemipteran spermatid (Bowen, 1922a). In
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Gallosamia (where it was observed by Cook (1910)) this body

seems to appear very early (fig. 44), but in Pygaera it

becomes conspicuous only in later stages. In the latter it can

be recognized as a minute granule at the time when the elonga-

tion of the nebenkern is well started (figs. 4, 8, and 13), and

subsequently (figs. 15 to 18) it becomes larger and much more

prominent. In Gallosamia it may divide into two parts

(often unequal) at a fairly early period (fig. 46). In Pygaera
the division is delayed until the clear area (in which it tends to

be located (figs. 20 and 22)) in the head is differentiated, and

when it does occur, it tends to take place in all the heads of

a cyst (figs. 19 and 20). In later stages this body seems to

become less conspicuous (figs. 31 and 35), and, I believe,

eventually disappears entirely, being presumably dissolved

in the nuclear sap. Not infrequently this body is in hne with

the tail filament, and it might easily be mistaken for a centriole

(figs. 52 and 57). As far as I can make out, however, it has

no real connexion with an}- extra-nuclear structure.

Finally, I would like to mention in passing a phenomenon

which seems to have been overlooked by previous workers on

Lepidoptera, and wliich I myself do not fully understand. An
examination of cysts of sperms in later stages of transformation

(figs. 36 and 58. for example) shows the elongated acrosomes to

be embedded in a mass of large, clear vacuoles which have

the appearance of a large number of soap bubbles crowded

together. I supposed at first that these vacuoles represented

an elaboration of the protoplasm of the so-called nurse-cell

in which the sperm heads of insects are characteristically

embedded. Further study indicated that this view was not

tenable, for at a slightly earlier stage more or less separated

vacuoles could be found among the heads without any apparent

connexion with cells of the cyst wall. I would like to suggest,

as a possible explanation of their origin, that these vacuoles

represent material extruded from the nucleus probably at the

time of its diminution in size, and comparable to the similar

extrusions which seem to occur in the Hemiptera (see Bowen,

1922 a) and other animals. This view is borne out by the
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fact that occasioiiallv (in C alios a mi a) cysts are found at

about the age of fig. oB (or later), in which each sperm head is

enclosed in a clear vacuole—presumably the vacuoles noted

above which have perhaps failed to be formed in a normal

manner. Something of this appearance is shown by Cook

(1910) in her figs. 132 and 134 of Automeris. This opinion

is further strengthened l)y the fact that in degenerate (apyrene)

sperms of Callosamia I have found that each head (now

moving back in the tail region) is accompanied by a droplet

of non-staining material (see Munson, 1906, fig. 49), over

which the acrosome passes. If these vacuoles are a product of

the nucleus we should expect just such a disposition of them

in the apyrene sperms ; but their connexion with the nucleus

is not easily accounted for on any other explanation of their

origin. In normal cysts, as the sperms grow older, these

vacuoles seem gradually to disappear, but their exact fate has

not been traced.

The GolctI Apparatus and Acrosome.

My chief interest in examining spermiogenesis in Lepidoptera

was centred on the origin and development of the acrosome,

especially in view of the account given by Gatenby (1917 a) of

the role of the Golgi bodies (his acroblasts) in this process.

According to Gatenby, all the Golgi bodies become swollen into

vesicular spheres during the early spermatid stages, and these

spheres fuse to form the basis of the acrosome. In each of

these spheres there is differentiated a small, darkly-staining

granule, which is also involved in the construction of the

acrosome itself. In a subsequent statement Gatenby and

Woodger (19'21) say, ' Our recent observations ... on several

other moths (e.g. Bis ton) have shown that in these insects

much of the apparatus finally passes as isolated crescents,

spheres, or dictyosomes into the elongating tails of the sperma-

tozoa.' The problem is thus left in a very unsettled condition.

In my previous papers on spermatogenesis I have endeavoured

to show that the acrosome is a product of the Golgi apparatus

plus idiosome, but that neither of the latter structures is made
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directly into th<^ acrosorue. After tlie acrosome is formed

the Golgi complex as a wliolc^ is cast off and has no further

connexion of any kind with the acrosome. I have recently

developed my views on this subject in a more general form

(Jjowen, 1922 e), and it will be the purpose of this section to

show how the observations of Gatenby can be harmonized with

my previous results.

The early steps in the formation of the acrosome cannot be

analysed with any satisfaction in Callosamia on account

of the very small size of the acrosome in this form. In

Pygaera my material begins at a point where the acrosome

is already nearing completion. I will accordingly refer to

Gatenby's figures for tlic earliest stages, the essential features

of which are also shoAvn clearly in the older spermatids of my
Pygaera preparations.

My observations contirm the statement of (jatenby and

Woodger (1921) concerning the casting off of the (iolgi bodies,

but I would go further and state that not merely ' nmch ', but

all of the Golgi apparatus is thus disposed of. The Golgi

bodies can be seen in any of the older spermatids at var^ang

distances from the nucleus (figs. 8, 10, 13, 46, and 4H), and in

much later stages they can be found scattered in groups at

various points along the sperm tail. Furthermore, they show

no evidence of a vesicular structure, but they do show, in favour-

able cases, the differentiation into Golgi rodlet and idiosomic

substance which I have found to be so characteristic of them

in the primary spermatocyte. How then does the acrosome

arise ? Gatenby's figs. 36 and 37 indicate, I believe, the

essential features of the answer to this question. In these

figures each of the acrosomic vesicles has attached to one side

a Golgi rodlet, the idiosomic substance not being shown.

I have been similarly unable to make out the idiosomic material

in Pygaera, but the conditions in Callosamia leave

no doubt that it is present, but temporarily obscured, after

ordinary staining, by the development of the vesicles. In

other words I would interpret the vesicles as differentia-
tion—rather than direct transformation—products of
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the Golgi bodies. These spherical vesicles are then deposited

on the nuclear wall, and gradually fuse to form the acrosome,

the granules differentiated within them fusing at the same time

to form a single large acrosomal granule. As the acrosomal

vesicles are deposited the Golgi bodies are cast off. as in the

formation of the acrosome in other animals, and move off down

the tail. It is clear in my Pygaera preparations that the

formation of the vesicles by the Golgi bodies is not completed

simultaneously in all of them, but rather that there is a gradual

production and deposition of the vesicles extending over a con-

siderable period, and concluded only at a relatively late stage

(figs. 13, 15, 16). Figs. 1 and 2 show the latter part of the

acrosomal formation in progress. The acrosomal granule in

Pygaera stains very intensely and is of extraordinary size,

often concealing the vesicular portion, especially if the latter

is not well differentiated by the staining. Several Golgi bodies

are grouped around the acrosome, and particularly in fig. 2

one gets the impression that one or two of them are in the act

of depositing the small acrosomal vesicle which each has

elaborated. Not infrequently the acrosome is multiple, as

in fig. 2, one portion being much the smaller, but later on these

parts always merge into a single acrosome. Gatenby shows this

process in his Text-fig. 4, and with the general plan of this

figure I am in entire agreement. The Golgi bodies seem to

clear away from the acrosome as they deposit their quotas,

and thus they tend to be scattered along the tail rather than

to be collected in a single group. In the later stages of deposi-

tion the acrosome in Pygaera can be very clearly separated

into its two fundamental constituents—the intensely-stained

acrosomal granule and the clear, unstained acrosomal
vesicle (figs. 13 and 15).-'^ The contour of the vesicular

portion is at first rather irregular, which I take to be indicative

of its multiple origin ; but the irregularities are gradually

1 I have found the material of the acrosomal vesicle very difficult to

differentiate sharply in the earlier stages. It is, furthermore, often obscured

by the enormous acrosomal granule, so that in my figures of young sper-

matids the vesicular part of the acrosome may not appear at all.
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smoothed out (tigs. 15 and 16), and all traces of its original

composition are lost.

In Callosamia the whole acrosome tends to stain darkly

during the period of formation, a phenomenon whicli I have

also noted in Hemiptera and in Ceuthophilus when the

staining is not perfect. This is presumably the source of the

similar condition in Callosamia, for when the Golgi bodies

have all cleared away the acrosome is clearly constructed on

the same. ])Ian as in Pygaera. The difference in size is,

how^ever, astonishing, for in Callosamia the whole acrosome

is exceedingly small and inconspicuous (figs. 50 and 51).

Nevertheless, it is differentiated into a vesicular and a granular

part exactly as in Pygaera . The granule tends to be slightly

elongate rather than rounded in the stage at which I have first

succeeded in differentiating it. Earlier stages (figs. 46 and 48)

show very clearly the relation of the (lolgi bodies to the forming

acrosome, but I have not been able to make out their individual

contributions, which are presumably very minute. Fig. 49

shows an interesting case in which the last Golgi body is just

on the point of separating from the acrosome. In this case the

Golgi body appears to be a fusion product of several smaller

Golgi bodies.

The interpretation which has here been given furnishes,

it seems to me, a complete explanation of Gatenby's results,

and brings the lepidopteran acrosome into harmony with the

conditions as we now know them to exist in many other

animals. According to the idea which I have developed each

Golgi body in a lepidopteran spermatid would be an acroblast

on a small scale, and the formation of the acrosome is thus

a multiple process. In its essential outlines it is, however,

clearer than in the case of the grasshopper which I have

described in another place (Bowen, 192'2 d). For the relation

of this type of acrosome formation to more familiar cases in

other aiiimals the reader is referred to my paper on the acrosome,

in which I have tried to bring the w^hole series of known facts

under a common view-point (Bowen, 1922 e).

Gatenbv's account leaves the further historv of the acrosome
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practically untouched ; but as its later development offers

a number of interesting features I have thought it worth while

to work out the subsequent events in Callosamia and

Pygaera from a comparative standpoint. The acrosome in

Pygaera is particularly'- favourable for study because of its

large size.

In Pygaera the acrosome. when finally deposited consists,

as noted above, of a clear vesicular portion, the acrosomal

vesicle, and a very large, darkly-stained granule, the acrosomal

granule. The latter is presumably contained within the former,

but the large size of the granule gives one the impression

rather of a bipartite mass (figs. 15, 16, and 17). The vesicular

material seems now to undergo further concentration, its out-

line becoming very clearly marked. Meanwhile the granule

becomes slightly drawn out into a spindle shape, ^^ith the

vesicular material applied along one surface (figs. 18 and 19).

In fig. 19 various aspects (oblique, cross, and longitudinal

optical sections) of the acrosome at this stage are shown. It

will be noted that the acrosome tends to be located on the

nuclear membrane at the edge of the chromatic lining.

It soon becomes evident that the assumption of the spindle

form by the acrosome is merely the initial stage in a process

of elongation which now progresses rapidly (fig. 20 et seq.).

In this elongation one end of the acrosome is temporarily fixed

near the anterior pole of the sperm head, the acrosome thus

growing backward over the nuclear wall until it projects con-

siderably behind the nucleus (figs. '20, 22, 24 to 27). Having

reached the stage shown in fig. 27 the acrosome becomes

detached anteriorly, and shdes bodily forward until the

originally posterior free end becomes applied to the anterior

nuclear wall. Steps in this remarkable migration of the

acrosome are shown in figs. 27 to 31. E^-entually the posterior

tip of the acrosome seems to be attached to the nucleus at the

point of insertion of the axial filament (figs. 31 et seq.). The
cytoplasm in the head region is at first carried forward with

the acrosome (figs. 28 to 33), but in later stages it gradually

moves backward (figs. 35 to 38) until the entire head region
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is free from cytoplasm (tigs. 39 to 41), exactly as in other

insect sperms.

After moving into its definitive position the acrosome con-

tinues to elongate, and eventually becomes spun out into

a remarkably long, delicate apical piece (figs. 33 to 41). Fig. 41

is the latest stage in which I have seen the acrosome in anything

like its entirety, but the head of the sperm itself is still in an

intermediate stage of elongation. The extraordinary size

relations of the acrosome in the mature sperms can be inferred

from Meves' (1903) fig. 152. (See also his descriptive account.)

To go back now to the early elongation stages, the structural

features of the acrosome itself deserve further attention.

Once the acrosome has become markedly elongate I have found

it as a rule impossible to differentiate the vesicular material

which is obscured by the heavily-stained ' granule '. However,

in cross-sections, especially of intermediate stages in elonga-

tion, the two materials can be readily distinguished (fig. 34),

and there can be no doubt that the two original constituents

of the acrosome remain distinct at least for a long period.

A comparison of figs. 32 and 33, and 36 and 37, mth fig. 34,

suffices to explain the appearances presented by the acrosome

when viewed from different aspects. It will be evident that

in figs. 33, 37, and 38 the acrosome is turned so that the

acrosomal granule is seen in plane view, while in figs. 32, 36,

and 39 the acrosome is seen in what one might call a side view

(compare fig. 34). As the figures show, the side of the acrosome

on which the vesicular material is disposed is usually turned

towards the major axis of the sperm.

Within the acrosome itself various changes take place, the

first of which to be noted is the production, at the temporarily

attached end, of a clear area, which seems to be the first part

of the acrosome to free itself from the nuclear membrane

prior to migration (figs. 26 to 30). This clear zone is subse-

quently lost, and another one develops at the permanently

attached end of the acrosome, while at the very point of

attachment a darkly-stained body appears (figs. 31 to 39).

Whether this represents a differentiation of the acrosome.
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or is possibly of centriolar origin, I have not been able to

determine. At any rate this seems to be a common point of

attachment for both acrosome and tail filament. There are

indications that subsequently (tig. 40 and later) the centriolar

ajjparatus, or a portion of it, l)ecomes shifted to the base of

the sperm head, but I have not found my material satisfactory

for a detailed study of these phenomena.

In Callosamia the general progress of events is exactly

parallel to that in P y g a e r a , with the possible exception

of the method of orientation of the acrosome. The structure of

the acrosome in this moth does not permit detailed study of

a possible forward migration, and it is possible that the migra-

tion may occur in a different way. In the early figures, it will

be seen that the acrosome is deposited at a point some distance

removed from the insertion of the tail filament. As the acrosome

begins to elongate, however, it apparently migrates anteriorly

(iig. 52), and becomes attached by one end near the insertion

point of the axial filament (figs. 52 et seq.).^ From this point

on the exact course of events is uncertain, and whether or not,

with the elongation of the acrosome, there is a further change

of orientation, as in Pygaera, has not been ascertained.

However, appearances like that of fig. 54 suggests that perhaps

the acrosome at first grows posterior^, as in Pygaera,
and shifts later into its definitive position. As already noted

in Callosamia, the acrosome, as originally deposited, is

relatively much smaller than in Pygaera (figs. 50 and 51),

and we should therefore expect its later stages to be much more

dehcate in structure. As a matter of fact this expectation is

exactly realized, and almost from the beginning of elongation

the acrosome has a thread-like form, in which it is impossible

to distinguish the two acrosomal constituents (figs. 51 to 59).

The various steps in the forward growth of the acrosome

are shown clearly in figs. 56 to 59, and present no points of

special interest. The length of the acrosome in the mature

sperm as compared to the length of the sperm head is much less

^ It is possible that a similar migration occurs in Pygaera, where

it would be masked by the large size of the acrosome.
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in Call OS a mi a than in Pygaera, correlated apparently

with the very much smaller amount of available acrosomal

material. The thread-like nature of the acrosome and its

attachment so near the insertion of the axial filament offer

the possibility of a natural error in interpretation which

should be guarded against in the study of other sperms. If one

studied only the later stages of sperm formation, or observed

the earlier ones inaccurately, a most olnious conclusion would

be that the acrosome was really a forward growth from the

spermatid centrioles, comparable in its method of formation

to the tail filament. It is possible that some of the accounts

which have been given of the role of centrioles in acrosome

formation may actually be traceable to errors of this nature.

In any event it is clear that great care should be exercised in

the future in interpreting thread-like formations in the sperm

head, since it is now evident that topographical relationshij)

to the centrioles ma}' not be in the least degree indicative of

organic relationship. It is interesting to note in this place that

Goldsmitli (1919) has described a thread-like formation in the

sperm head of Cicindela, without, however, offering any

explanation of its homologies. I think it proba])le that the

facts made out in Callosamia ^^^ll furnish a clue to the

enigmatic structures described by Goldsmith.

The Apyrexe Sperms.

In the saturnid moths large numbers of ap\Tene sperms

are formed after the normal sperm formation has been largely

completed. The nucleus in every case is reorganized in the

spermatid in a normal manner, as Gatenb}' (19176) found in

Pier is brassicae. However, at an early stage the sper-

matid becomes visibly abnormal by reason of the improper

orientation of the nucleus and nebenkern, their relative posi-

tions being exactly reversed in the abnormal spermatids.

The result is quite striking when an entire cyst is observed,

the nebenkerns being adjacent to the cyst wall instead of the

nuclei, as is so characteristic in insect testes.

As the nebenkern elongates the nucleus moves back along
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the tail, as Gatenby shows for P i e r i s b r a s s i c a e . The
acrosome behaves at first in a normal manner, so far as can be

judged from stages corresponding to that of fig. 55, for it can

be readily found in the form of a delicate, elongate rod or

thread attached to the nucleus. Gatenby (1917 &) is apparently

dealing with an acrosome of this kind in Smerinthus
p p u 1 i , as indicated in his fig. 9, which shows a condition very

similar to that in Callosamia. As I have shown, the early

elongation of the acrosome is in no way dependent on the

elongation of the nucleus, and Gatenby's conclusions (pp. 474-5

of his paper), from the figure mentioned above, seem to me
entirely unwarranted. On the whole, the degeneration pheno-

mena in the lepidopteran testis seem still to offer many problems

which call particularly for an intensive study of the whole

germ-cell cycle for their adequate solution.

Conclusion.

As I have indicated elsewhere the primary purpose of this

study was to compare the fundamental differences in the sperm

formation of Lepidoptera and Hemiptera as brought out by the

work of Gatenby and myself. As a result of my observations

on the Lepidoptera it appears that such differences as actually

occur are primarily ones of detail, and that in all essential

respects these two insect groups have a remarkably similar

spermiogenesis. Indeed, a further comparison with the

Orthoptera and Coleoptera which I have studied gives unmis-

takable indication of the fundamental similarity in the pro-

cesses of sperm formation in all insects, and discounts in a

most decided manner the bizarre accounts of insect spermio-

genesis with which the older literature is full.

This seems to be particularly true of the nebenkern, the

history of which I have treated in another paper (Bowen,

1922 6). In that paper I made extensive use of Gatenby 's

studies of the Lepidoptera because in this group conditions

seem unusually favourable for an exact analysis of the early

condensation of the nebenkern. I then accepted the account of

the mitochondrial ' spireme ', and suggested that the neben-

NO. 264 u u
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kern ' patterns ' might follow either a ' spireme ' type or

a ' plate-work ' type. As a result of the studies here recorded,

however, I no longer tind myself able to accept tlie reality of

the ' spireme ', and I now believe that the evidence is indica-

tive of a plate-work in th(^ lepido])teran nebenkern essentially

like that which I found in fhe Pentatomidae. Indeed,

it appears quite likely that the ' spiremes ' sporadically figured

by other workers and referred to in my previous paper are all

to ho accounted for on similar grounds and to be equally

explicable on the basis of their plate-work structure. A
plate -work seems to be the fundamental structure of the

chromophilic suljstance in the nebenkerns of all insects.

In this connexion the results of Doncaster and Cannon

(1920) on the louse are of special interest. These workers have

employed modern technique, and have reached a conclusion

which is in accord with my own interpretation of the vesicular

nature of the early ne])enkern. Their account is characterized

by the remarkaljle conclusion that the nebenkern is formed and

goes through the earlier condensation stages in the primary
spermatocyte. In the single and abnormal maturation

division it passes bodily into the functional spermatid, and is

thus already well along in its evolution when sperm formation

proper is just beginning.

Finally, one point in Platner's (1889) old description of

Pygaera suggests interesting matter for comparison. I have

long been puzzled by this author's small mitosome,
which was thus designated because of its supposed relation to

a part of the spindle fibres. It is clear now that what Platner

really saw was the acrosomal granule, and his account

of its elongation, occurring at first in a posterior direction, is

remarkably suggestive of my own observations. It is evident

from his figures, that the small mitosome was not intensely

stained b}' his technique, and his failure to make out the final

fate of the ' small mitosome ' (acrosome) is probabh' to be

ascribed to the increasing difticulty of demonstrating it as its

form became less compact. Gatenby's revival of the term as

the micromitosome, for a cytoplasmic granule somewhat
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recalling the chromatoid body of other workers, seems thus

to be a rather unfortunate one, as it is quite improbable that

this body has anything whatever in common with the acrosome.

Summary.

1. The lepidopteran nebenkern passes through a series of

condensation phenomena which are essentially similar to those

previously described in Hemiptera,

2. The structure of the chromophilic material is probably

that of a plate- work rather than a spireme.
3. The central substance is developed in the nebenkern

exactly as in other insects.

4. The Golgi bodies in all probability give rise each to a

small vesicle, these vesicles fusing gradually to form the

acrosome.

5. As in other insects, the Golgi bodies are not directly

transformed in the building up of the acrosome, Ijut, after

giving rise each to its miniature acrosomal vesicle, they

pass back along the tail and are probably cast out of the

sperm along with other detritus in the concluding stages of

spermiogenesis.

6. The essential parallelism existing between the formation

of the sperm in Lepidoptera and in other insects, especially

the Hemiptera, is particularly emphasized.
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On the Biology and Structure of the Larvae
of Hydrophilus caraboides L.

By

E. N. Pavlovsky, M.D., D.Sc,

Professor of Zoology at the Military Academy of ]\Iedicine, Petrograd.

With Plate 27 and 16 Text-figures.

In May 191S I captured in the vicinity of Petrograd some

cocoons of a hydrophilus beetle, one of which I kept for breeding

purposes. On June 13 there emerged about fifty small larvae

very similar to Hydrophilus caraboides. These latter

are characterized by the presence of a pair of lateral (pleural)

appendages covered with a dense brush of hairs on each of the

seven abdominal segments (Text-fig. 13, j9?a).

In my larvae (Text-fig. 1) these pleural hairy appendages

were also present, but with the difference that each appendage

bore on its summit a long thin liair. This peculiarity caused

me to look for other differences between my larvae and the

description of the larvae of Hydrophilus caraboides,
as given by Schiodte in his paper, ' De metamorphosi eleuthera-

torum observationes ; bidrag til insekternes undviklingshistorie ',

1861.

These differeiices may best be pointed out by a parallel com-

parison of the text of Schiodte's diagnosis and the description

of the newly emerged larvae as observed by me, as follows :

Hydrophilus car a- Hydrophilus caraboides
boides S c hi odte Caput —a larva at first stage. Head
obovatum. irregularly tetragonal, shaped

rather like a trapezium turned
with its base forward, and with
broken sides.
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Antennae articulo primo
longissimo, tenui, cilia to
(Text-figs. 6, 7, h), sccundo

et tertio tenuibus, pusillis,

subaoqualibus.

Antennae scapo longis-

simo ciliato, natatoriae.

^landibulae elongatae,

falcatae, acutissiniae, sub-

aequales, dente medio
valido, duplici, acumine,

posteriore acuto, priore lan-

ceolato, niaiore (Text-fig. 6,

md).

First joint <^f antennae long,

slender and flat, iinier margin
with seven very distinct
teeth (Text-fig. 5, 7, a), giving

the joint a saw-like aspect.

Second and third joints almost
of equal length, each being about
three times short (^r than the first.

Second in the middle of its outer

margin with an elevation bearing

a sense-organ in the shape of

a chitinous ringlet witli hairs in

the centre.

Antennae scapo longissimo,

serrato, masticatoriae.

Mandibles shaped as a sharp,

bent, and strong sickle with

secondary teeth on its concave
surface, the first largest, lancet

like ; the middle tooth tetra-

gonal with a concave free surface

and sharp prominent edges
;

hind tooth in the shape of a small

tubercle at the base of the middle
tooth.

Stipite.s maxillares gracillimi, longis-

simi, palpos labiales excedentes. Palpi

maxillares graciles ; stipes gracihs, re-

curvus, articulo primo triplo longior.

Mentum (Text-lig. 4, m) Mentum (Text-fig. 3, m) bell-

amplum, fornicatum, e basi shaped, both its fore angles pro-

sensim, decrescens latitu- trading in the form of sharp

dine, angulis dentiformibus, teeth. Side margins smooth,
lateribus serrulatis. slightly S-shaped. Stipes com-
Stipes palporum labialium pared with the mentum much
elongato-quadratus, basin more developed than in the

mature larva of H. cara-
bo ides, and in the form of an
elongate rectangle which in its

fore part is wider than behind.

The base of the ligula occupies

almost half of the width of the

anterior margin of the mentum
(in the mature larva of H. c a r a -

b o i d e s only one-fourth). Tip of

the ligula is somewhat bilobate (Ig) .

versus angustior. Palpi

labiales (pU) articulo priore

brevissimo. Ligula elongata,

acuminata (lij).
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Scuta prothomcica eon-

creta, completa, integra.

Scuta mesothoracica dis-

creta, tergum medium oc-

cupantia, triangula, apicem
truncatum versus con-

structo-attenuata. Scuta

metathoracica discreta, in-

completa, apice incurva.

Praeterga abdominis in-

tegra Terga

The prothoracic tergite has the

shape of a continuous shield of

an ahiiost regular quadrangle,

the posterior corners l)eing

obliquely cut or rounded (the

tergite of the mature larva of

H. c a r a b o i d e s is conspicu-

ously narrowed in front and in

outline much like a truncated

cone). The meso- and meta-
thoraces bear each on their ter-

gites two triangular shields, the

apex of which is not bent.

Abdomen densely hairy (Text-

fig. 1). Tergites with four warty
tubercles which are also covered

with hair, and wdth a long seta

on the summit. Before the

middle pair of tubercles there

is a pair of brown shields of

strong chitin, also bearing long

setae.

Pleural appendages in shape

of cylindrical prominences, and
densely covered with hair, resem-

bling a lamp-brush. From the

summit of each appendage there

emerges a long and thin seta

(Text-fig. 1).

Above the base of each lateral

pleural appendage there is a

small warty tubercle with a long

seta.

The examination of more advanced larvae of Hydro-
philus caraboides, i.e. such that had already moulted,

convinced me of the accuracy of Schiodte's description. The

antennae of such larvae are in fact hairy on their inner edges,

and the base of the lamella of the under-lip has a dentate edge.

The long setae on the tips of the pleural appendages are

partially present but not conspicuous.

On the whole one might say that from the egg of H y d r o -

philus caraboides emerges a larva which in its successive

obscurius

plicata, scutis verruciformi-

bus, cylindricis. Appen-
dices pleurarum abdominis
praeter octavum par elon-

gatae, inaequales, ciliis

gracillimis vestitae, n a t a -

toriae; appendices oc-

tavi paris deorsum flexae,

acuminatae, sinuosae, sus-

pensoriae.
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ecdyses changes somo structural characters, especially in the

antennae, the under-lip, and partly the pleural appendages.

In the literature the excellent drawing of the mature larva

given by Schiodte is generally adopted ; hui I have not been

Text-fig. 1.

Hydrophilus caraboides. A larva, first stage.

able to find any figure of a young larva, therefore I here adduce

its figure, drawn unfortunately from a specimen preserved in

spirit, on account of which the abdomen seems shorter than

it is in reality (Text-fig. 1). It is true that it easily extends,

a fact which causes some variation in its length even under

normal conditions.

These facts found by me caused me to investigate the larvae
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EXPLANATION OF PLATES 24-26.

All of the figures have been outlined as far as possible with

the camera lucida at an initial enlargement of approximately

3,800 diameters. At so great an enlargement it has of course

been necessary to correct the outhnes extensively and to add

much of the liner detail free hand. In reproducing, the figures

have been reduced uniformly, those of Pis. 24 and 25 to an

enlargement of approximately 2,530 diameters, those of PI. 26

to approximately 3,000 diameters. All of the figures are from

material fixed in Flemming without acetic acid, except figs. 42,

43, and 44, which are from material fixed in Champy.

Reference Letters.

A, acrosome. B, nuclear body of doubtful nature. C, centriole(s).

/, tail filament, (t, Golgi apparatus = acroblasts (where the acroblasts are

much scattered, only a few representative ones are specifically labelled).

K, nucleus. M, mitochondria. N, nebenkern. S, central substance.

V, vesicles developed on the mitochondrial tail sheaths.

Plate 24.

Explanation of Figures.

All the figures are from Pygaera bucephala. Figs. 1,

2, and 3 are from the same cyst of developing sperms ; likewise

tigs. 4 and 5, and figs. 8 and 9 ; figs. 10, 11, and 12 are from

a cyst of abnormally large spermatids.

Figs. 1, 4, 8, 10, and 13.—Progressive stages in the elongation of the

nebenkern. The acrosomal granule is stained i^jtensely black.

Fig. 2.—Section through a spermatid nucleus, showing the acrosomal

granule in two parts, and numerous Golgi bodies, some of which seem to

be engaged in depositing their quota of acrosomal material.

Figs. .3, 5, and 6.—Cross-sections through the nebenkern in successive

stages of its elongation to show the structure of the chromophilic material.

Fig. 7.—Portion of the distal end of the nebenkern showing the con-

striction of the chromophobic material to form the tail vesicles.

Fig. 9.—Cross-sections of the nebenkern at the stage of fig. 8 : A and B,

through the region of the chromophilic material ; C, through the chromo-

phobic material above the plane of A and B.

Fig, 11.—Frequent appearance of tail vesicles when fully formed.



626 ROBERT H. BOWEN

Fig. 12.—Cross-sections of the nebenkern in a condition slightly younger

than that of fig. 10 ; A, through the chronio|)hiIic material ; B, above

(or below) the ehroiuophilic material. From adjacent sections of the same

nebenkern.

Fig. 14.^—iSmall jiortion of a nebenkern showing the last remnant of

chromophilic material just prior to its complete dissolution.

rL.\TE 25.

Explanation or Figures.

All the figures arc from Pygaeru hucephala. Figs. 28,

29, and 30 are from the same cyst.

Figs. 15-41.—Progressive stages in the construction and fi.xation of the

acrosome. The material of the acrosomal granule is stained intensely

black in every case. The acrosomal vesicle can be clearly differentiated

in figs. 15 to 19 and fig. 21. In fig. 34 are shown cross-sections of the

acrosome at the stage (a})proximateh') of figs. 32 and 33. The total length

of the acrosome in the later stages of its elongation is ai)i)roximated as

nearly as conditions will permit. As a rule it could not be exactly deter-

mined owing to the extreme tenuity of the tip.

Plate 26.

Explanation of Figures.

All the figures are from C'allosamia promethea.
Fig. 44 is from the small generation of spermatids.

Fig. 42.—Primary spermatocyte, growth period, to show the chondrio-

somes.

Fig. 43.—Final telophase of the second spermatocyte division, showing

first step in the condensation of the nebenkern.

Figs. 44, 46, 48, and 49.—Progressive stages in the transformation of

the nebenkern and the deposition of the acrosome. The acrosome (in

figs. 46, 48, and 40) appears as a more or less darkly-stained spherical body

in contact with the nuclear membrane, and closely related to adjacent

Golgi bodies.

Fig. 45.—Ci'oss-section of the nebenkern in an early stage of elongation.

Fig. 47.—Cross-sections of the nebenkern at the stage of tig. 46 : A,

through the region of the chromophilic material ; B, immediately above

or below the chromojjhilic material; (', near the much elongated, free

(or attached) end of the nebenkern.

Figs. 50-60.—-Progressive stages in the formation of the definitive

acrosome. The length of the acrosome has been approximated as closeh

as possible in figs. oS and 59. In fig. 60 only a part of the acrosome is

shown.
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of Hydro philiis caraboides more thoroughly. The

larvae were brought alive into Duboscq's mixture (15 c.c.

of 1 per cent, solution of picric acid in 90 per cent, alcohol

+ 6 c.c. of formalin and 1-5 c.c. of ac. aceticum glaciale),

and after they had ceased to move they were cut in two with

scissors.

The fixation lasted from twelve to sixteen hours. After this

the larvae were brought througli several portions of 85 per cent,

alcohol to wash out the picric acid. Further, they were embedded

in paraffin. The sections were stained with iron haematoxylin,

Giemsa stain, and Unna's polychrome methylene-blue.

On the Structure of the Digestive Apparatus.

The larvae of H . caraboides are distinguished from all

other aquatic insects by their unusual way of taking food.

Observations on this point have already been made by several

naturalists, and Brocher (1913) even figures (semi-diagramma-

tically) a larva of H. caraboides taking food (fig. 08).

According to a more detailed description of Portier (1911)

this process takes place as follows.

Having caught with its powerful and sharp mandibles its

prey (for instance a small crustacean, an insect, &c.), the larva

of Hydrophilus ' se dirige vers une plante aquatique ou

contre la parol du vase qui la renferme, si aucun objet ne

flotte a la surface de I'eau. Au moyen de ses pattes anterieures,

elle s'accroche a une asperito quelconque situee au-dessus de

la surface, puis elle renverse sa tete en arriere sur son dos.

On comprend que, dans cette situation, sa tete emerge com-

pletement. C'est, en effet, le resultat auquel la larve semble

tendre. ... La proie ayant ete ainsi elevee au-dessus de la

surface, on voit I'appareil masticateur entrer en jeu. la chitine

est perforee par les tubercules chitineux qui garnissent les

mandibules et le sang rouge de la larve de C h i r o n o m u s ^ se

met a couler.

'A ce moment, un flot de liquide noir envahit les organes

^ Portier describes the feeding of a larva of H . caraboides on a larva

Chironom us.
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biiccaux ; c'est le liqiiide digestif (jiii .i ete injecte a travers

I'cesopliiigc par rintcstin nioycn. Co liquide noir adhere par

capillarite a la proie ; il est contenu dans une espece de cor-

beille forniee par les differentes pieces de I'armature hiiccale

Text-fkj. 2.

Larva of H y d r o p h i 1 u s c a r a b o i rl e s devouring a cypris.

si developpee chez ces larves. La proie est ainsi completement

l)aignee dans la liqueur digestive. Apres quelques instants

de contact, le liquide charge maintenant des produits de la

digestion est reabsorbe ; il passe par Tcesophage, puis dans

I'intestin mo3^en dont il gagne immediatement la partie pos-

terieure, ainsi qu'on pent s'en assurer sur les jeunes larves, ou

sur celles (jui viennent de changer de peau, toutes deux posse-
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dant des teguments d'une transparence parfaite ' (Portier,

1911, pp. 175-6).

The inconvenience of the attitude during the feeding process

(Text-fig. 2) is increased for the larva of H. caraboides
by the necessity of breathing. For this purpose the larva bends

its body in such a way that the posterior end of the abdomen

Text-fig. 3.

Anterior margin of head and lower lip of newly-hatched larva. Base
of lower lip (lb) with simple lateral margins (m). On the sides

spined folds of the connective chitinous cuticula (t). ind, man-
dible ; Ig, ligula

; jM, palpi labiales. Zeiss, ob. AA, oc. 0.

bearing the breathing aperture touches the surface of the

water (Brocher).

In connexion with these peculiarities we shall look into some
of the details in the structure of the digestive apparatus of the

larva of H. caraboides.
The wTll-developed and powerful mouth-parts of the larva

serve to seize the prey and to treat it mechanically. Having
seized some suitable animal, the larva of H. caraboides
pierces it with the teeth of its sickle-shaped mandibles (Text-

fig. 6, md), tearing open the integument of its prey. After

this the larva assumes the habitual feeding attitude and begins

to work energetically with all its mouth-parts, closing and
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reopening them. Gradually the prey crumples and is thrust

in deeper and closer to the oml opening.

In the grinding and kneading not only the mandibles take part

Ijut also the antennae, which in the larva at the first stage

have a special contrivance for this purpose in the form of a row

Text-fig. 4.

Lower lip of mature larva. Dentation of lateral margins and
sensory cones of upper surface of base of lip (//(). On the sides

spined folds of the connective chitinous cuticula {st). Ig, ligula

;

pll, paljH labiales. Zeiss, ob. AA, oc. 0.

of sharp teeth 0]i the inner edge (Text-ligs. 5, 7, a). These

teeth are chaetoids (after the terminology of Xasonov, 1901),

i. e. they are evaginations of the integument of the larva and

the body-cavity is continued into these appendages. The

antennae of the mature larva do not take any energetic part

in the mastication of the prey, having on the inner edge about

three rows of long flexible setae (Text-tigs. 6, a, 7, h), which are

therefore inconvenient for tearing or kneading the prey.
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The under-lip (Text-figs. 3, 4, Ih) serves as a plate on which

the preparation of the food is effected. During the feeding

process the labial palpi (Text-figs. 3, 4, jjU) are all the time in

motion. Owing to the work of the mouth-parts the body of

the captured animal is kneaded, with the result that the liquid

Text-figs. 5, 6.

/7^
f-r

r

Fig. 5.—Right antenna of newly-hatched larva. The inner edge

is serrated ; outer edge simple. Winkler, ob. 1, oc. 2.

Fig. 6.—Antenna and mandible of mature larva. Inner edge of

antenna set with hairs, outer edge bears a row of short spines (a).

md, mandible. Winkler, ob. 1, oc. 0.

parts or those being in a state of emulsion can be sucked up by

the larva.

But into the alimentary system of the larva are introduced

also the solid constituent parts of the prey after they have been

treated with the ferments of a black digestive fluid which is

exgurgitated from the intestine.

The whole of the feeding of the larva of H. caraboides
takes place outside the water, a fact that, as has already been

said, depends on the structure of its mandibles, which, in con-

trast to those of the larvae of the Dytiscidae, are not pierced
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by a canal (Toxt-fig. 8, md) serving for the pumping of the

siicked-up liquid into the intestine. I

The prey is in the air while the larva ofH.caraboides {

is feeding, and in order that the liquid parts may be sucked

up it is necessary that the prey should be tightly pressed to

the mouth-aperture of the larva.

The oral slit is situated between the upper- and under-lips

of the larva (Text-fig. 9, ap), and the hind third or quarter of

the mentum is covered with minute chitinous spines (Text-

figs. 3, 4, vi). Larger spines are found sticking out as a bundle

on the tuberculiform elevation on the connective chitinous
j

(Text-fig. 4, St) covering at the base of the lower jaws.
]

Thanks to these peculiarities, the deeper parts of the peri- !

phery of the oral aperture adhere tightly to the adjacent
j

parts of the seized prey, and when the mouth-parts are closed

the slits between their bases are filled up by soft connective

chitin. Thus is obtained a hermetic contact of the oral opening

with the body, the liquid parts of which have to be sucked up.

The oral armature of the larva of H. caraboides does

not play a mechanical part only.

Very likely it serves also for receiving gustatory irritations,

as on the lower lip there are scattered special sensory organs

in shape of large pits in the chitinous cuticula. Eing-shaped

sense-organs are found also on the outer edge of the third

antennal joint ; on the tips of the antennae and labial palpi

there are situated bundles of special chitinous spines (sensory

organs ?) ; it may be remembered that on the upper surface

of the mentum of the mature larva there are symmetrically

scattered short and stout spines, bordered at their base ;

analogous formations are found also on the dentate lateral

prominences of the mentum (Text-fig. 4, m).

The prey, prepared mechanically (by the mouth-parts) and

chemically (by the ferments of the digestive fluid), enters in

parts into the feeding larva. The work of the mouth-armature

one is inclined to compare superficially with chewing. This

comparison obtrudes itself upon one's mind when one sees

how energetically the larva kneads the prey with its mandibles,
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turns it round and round and squeezes it. The liquid parts of

the food are sucked up at this time by means of a special sucking

apparatus of which we give a description, based on the study

of series of transverse and longitudinal sections of the head and

thorax of the larva of H . c a r a b o i d e s .

The fore-gut of the larva described runs as a straight tube

from the oral aperture to its point of mergence into the stomach,

Text-fig. 7.

^.

Parts of antennae of a newly-hatched {a) and a mature {h) larva at the
same magnification. Zeiss, ob. DD, oc. ().

which takes place in the thorax. In this fore-gut three divisions

can be recognized, viz. the fore part reaching to the nervous

ganglia ; the middle part corresponding with the pharyngeal

ring of the nervous system ; and the hind or post-cerebral part,

or the oesophagus proper.

The fore part is a dorso-ventrally flattened tube (Text-

fig. 10) with sharp lateral edges. Its upper surface is covered

with transverse muscular bundles (sj), which are fastened to

the sharp edges of the intestine. These muscles can, as I believe,

be regarded as sphincters of a suctorial apparatus, for when
NO. 264 X X
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contracted thoy prc^ss the upper wall of the tube to the convex

under-surface of the same. The antagonists of these muscles

are the muscular bundles, extending from the upper surface

Text- FIGS. 8-11.

From a series of transverse sections of the head of a larva of the

first stage. Zeiss, ob. AA, oc. 0.

Fig. 8.—Transverse section through mouth-parts. ^landibles (md)
without mner canals ; mx, maxilla ; a, antenna ; lb, labium.

Fig. 9.-—Transverse section at level of union of mandibles with
head. The oral aperture (ap) with its spiny inner surface is

visible.

Fig. 10.—Section near the region of antennae («)• Suctorial

apparatus—sphincters (s^) and dilatators (dl^), attending fore

part of intestine.

Fig. 11.—Section at level of cephalic nervous ganglia {soe, spe).

Fore-gut with dilatators {dL) and sphincters (So) of pharj-nx.

of the intestine to the upper wall of the head (Text-fig. 10, dlj).

When contracted they lift the upper wall of the tube, and,

therefore, increase its cavity ; these levators might be called

suctorial muscles. There are several pairs of them.
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Farther backwards, the ahmentary tube when compressed

takes the shape of a groove, the upper edges of which are tied

together by muscular bundles ; the levators running in an

oblique direction are located at the bottom of the groove,

and between them, just in the middle, there are muscular

bundles which, perhaps, serve for the contraction of the

part of the intestine here described.

Nearer to the level of the brain-ganglia (Text-fig. 11, sjje,

soe) the structure of the intestine is different. The walls of the

tube grow thinner. In section it looks like a strongly plicated

ring surrounded by circular muscular filaments (second

sphincter, Text-figs. 11, 12, So). They alternate with bundles

of the radiating dilatators of the middle part of the fore-gut.

There are four groups of dilatators—two upper (rZZg) ^^^^ two

lower ones ; the upper groups are fastened to the upper wall

of the head, the under ones go round the sub-oesophageal

ganglion and, as it appears, partly terminate on the chitinous

fold of the endoskeleton which lies above the fore end of the sub-

oesophageal nervous ganglion. Behind the pharyngeal ring the

intestine retains its form of a thin-walled tube strongly plicated

longitudinally, clad in the usual muscular covering. The fore-

gut opens directly into the mid-gut and does not form any

valve or cardiac fold at the border of the stomach.

On the whole it may be said that the fore-gut of the larva of

H. caraboides is provided with two muscular apparatuses :

(1) the suctorial apparatus, which sets into action the first group

of sphincters and levators (Text-fig. 10), and (2) the pharyngeal

apparatus (the second suctorial apparatus), the sphincter and

dilatator of which act on to the middle part of the fore-gut

(Text-fig. 11).

Having acquainted ourselves with the structure of the fore-

gut of the larva of H. caraboides we can 'picture its

functions as follows.

With the contraction of the second group of sphincters

(Text-fig. 11, s^) the middle portion of the fore-gut is tightly

closed. Then the levators of the suctorial apparatus (Text-

fig. 10, dl^) contract and lift up the upper wall of the digestive

XX2



G40 E. N. PAVLOVSKY

tube, at the same tinic there (k'Vi'lops in the suctorial apparatus

a negative pressure, which causes the liquid matter of the

prey, which is squeezed out by the mandildes, to enter the

apparatus and fill its cavity (the sucking act). The next

moment of feeding is characterized by the relaxation of the

second group of sphincters (Text-fig. 11, sj and the contraction

of the dilatators (Text-fig. 11, dl,) of the pharyngeal apparatus

Text-fig. 12.

Dilatators (dl,) and sphincters (s.,) of pharvnx (fg). Zeiss, DD,
oc.O.

(of the middle portion of the fore-gut) ; at this moment the

corresponding part of the intestine is strongly dilated. Simul-

taneously the levators of the suctorial apparatus (Text-fig. 10,

dli) relax and its sphincters contract (s^). As a result the

apparatus is closed, and the food which it contained is pressed

into the dilated oesophagus (the act of forcing).

Then sets in the third act of food-taking—the closing of

the pharyngeal apparatus (the suctorial apparatus being closed);

the relaxing walls of the intestine force the food into the oeso-

phagus and the stomach. In this way the larva makes a gulp

of food (the act of swallowing). The whole act of food-taking
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consists of the successive action of the suctorial and pharyngeal

apparatus in the order described above.

Generall}^ speaking, one may say that in the head of

H. caraboides the fore-gut is organized as a forcing

pump ; during the suction the part of sucker of the pump
is played by the upper wall of the suctorial apparatus,

which is lifted up by the levators : simultaneously the pharyn-

geal apparatus contracts its sphincters and acts as the valve

of the pump, preventing the food already swallowed into the

stomach from being sucked liack again.

At the next act—the forcing—the action of the different

parts of the apparatus change. The pharyngeal apparatus acts

as a sucking contrivance, and the proper suctorial apparatus

comes to a state of rest and, pressing on the liquid it contains,

produces a forcing action. This liquid cannot re-enter the

body of the prey, as the latter, being worked into a lump, is

tightly pressed towards the oral aperture and is, moreover,

firmly squeezed with the mandibles.

Consequently not only liquid parts of the prey are swallowed,

but also solid portions of its body, as for instance bits of

tracheae, bits of the chitinous cuticula, &c. I have found

similar remnants in the rectal sac of the larva of H. cara-

boides (PI. 27, fig. 1, ch), a fact which would be impossible in

the case of typical suctorial insects, as for instance the larva

of Dytiscus.
In the latter the food enters the suctorial apparatus by

canals in the mandibles which remain perfectly immovable

during the suction of food ; as the latter is submitted to

a chemical treatment by ferments only, a mechanical action on

the food-stuff is absolutely excluded.

It is interesting that the general idea of a sucking and forcing

apparatus (consisting of two contrivances—the suctorial

apparatus proper and the pharyngeal apparatus) is repeated

with insignificant modifications in different arthropods, for

instance in scorpions (Pavlovsky, 1917 ; Pavlovsky and

Zarin. 1918), in Arachnida (Schimkevitsch, 1884), and insects

(lice (Pavlovsky, 1906 ; Sikora, 1916), bugs (Voronkov, 1907),
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aphids, gnats (Nuttall and Shipley, lllOB), and many others).

This likeness may be explained by a convergence, caused

by such a typical action, from the physical point of view, as

the suction of liquids.

The gastric fluid (black in colour), which is poured over

the seized prey, is regurgitated from the stomach under the

influence of an antiperistaltic movement of its walls. The

regurgitation is favoured by the absence of any adjacent

cardiac valves.

The mid-gut or stomach has, as has been pointed out by

Portier, many short blind papillae, or cryptae, formed by the

evagination of the epithelial wall of the intestine into the body-

cavity. On my preparations closely set mitoses of the epithe-

lium were also visible.

It is instructive to compare the size of the cells of the intestine

in just emerged and mature larvae of H. caraboides.

A better representation than any description can be given by

figs. 3 and 4 (PI. 27), made at the same magnification. On the

longitudinal section of the crypt (PI. 27, figs. 8, 4, crp) of a young

larva the number of cells is counted by units, and in the

mature larva by tens. The cells themselves are much larger

in the latter ; the association of these causes has an intluence

on the size of the cryptae. The nuclei of the cells of the cryptae

and the intestine itself in larvae of different age differ in size

from each other comparatively less than the size of the cells

themselves. The latter fact depends upon the real growth

of the cells as well as their secretive action.

The growth of the cells in dependence on the growth of the

larva is best demonstrated in the muscular fibres of the cover

of the intestine. In the larva of the first stage the muscular

fibres are very thin (PI. 27, tig. 3, mt) ; whereas in the mature

larvae they are fifteen to twenty times stouter (PI. 27, fig. 4, mt).

This growth is explained by the increase of the myofibrillae,

which are differentiated in the sarcoplasm of the muscular cells.

The lack of material did not allow me to study the question

of the regeneration of the intestinal epitlielium. which in the

adult beetle is periodically cast off and replaced by a new one.
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which develops by karyokinesis of the cells of the cryptae

(Rengel, 1898).

Even in the young larva the intestine for all its shortness

forms a loop in the hind part behind the entering point of the

Malpighian tubules. In the mature larva the latter are charac-

terized by the accumulation of a large number of pigment

grains (PI. 27, fig. 5, pg) which concentrate in the basal half

of the cells, and surround their nuclei. The parts of the cells

which are turned to the lumen of the tubule look in dissection

like a broad pale border with a slight indication of a faint

striation (the Stabchensaum) without accumulations of pigment.

It is of interest to compare here the size of the cells of the

Malpighian tubules in the young and mature larvae of

H. caraboides, drawn under the same conditions (PI. 27,

figs. 5, 6). In the young larva the nuclei occupy nearly the

whole of the cells, which do not yet contain accumulations of

pigments.

The ileum enlarges nearer to the end of the body into a rectal

sac the structure of the walls of the latter being not all alike.

The anterior wall of the sac, which borders on the ileum, has the

same structure as the latter. It consists of a cylindrical, rather

high epithelium, the free surface of which shows a conspicuous

striation (PI. 27, fig. 1, ep) ; such a structure of the protoplasm

is not an exceptional one ; analogous relations are found for

instance in the ileum of the bee (E. Pavlovsky and E. Zarin),

the rounded nuclei with minute thickly-crowded grains of

chromatin occupying the middle part of the cells or in some

places moving nearer to the surface of the epithelium.

The latter forms on the back of the rectal bladder a thickened

disc, the edges of which are strictly defined, as the cylindrical

epithelium abruptly passes over into flat epithelium (PI. 27,

fig. 1, epp), which is of usual occurrence in the rectal part of the

intestine of many insects.

In the young larva the cylindrical epithelium of the rectal sac

(as well as the ileum) is correspoiidingly lower than in the adult

larva (PI. 27, fig. 2, ep), a fact which depends chiefly on the degree

of growth of the cells, as no secretory processes, which could
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influence the size of the cells, have been observed in the rectal

'sac of either the young or the mature larvae.

The greater part of the hind-gut is occupied by the rectal

sac, which is located between the main tracheal side-trunks

(Text-tig. 13, trl). The high epithelium of the rectal sac has

not the significance of rectal glands, which are present also in

the larvae of some insects witli hemimetabolous development

in the shape of longitudinal stripes of high cylindrical epithe-

Uum (for instance, the rectal glands of Orthoptera).

Text-fig. 13.

Transverse section through one of hind segments of abdomen
with pleural ai)i)endages (pl(i). Rectal sac (ip) between main
tracheal trunks (trl). bm, brain. Zeiss, ob. AA, oc. 0.

The presence of a cylindrical epithelium in the rectal sac

of H . c a r a b o i d e s is simply explained by the fact that in

this instance the anatomical border between the parts of the

hind-gut, which can be defined by superficial inspection, does

not correspond to the histological border between the tissues

composing it.

Analogous relations have been observed by me in the poison

glands of Hymenoptera: its reservoir is similarly well

differentiated, and histologically it is built of a wall which on

one side bears a decidedly glandular character, and on the other

of that flat epithelium peculiar to the duct of the acid gland

(Pavlovsky, 1912).

Eespiratory Organs.

Two main longitudinal tracheal trunks enter a common
spiracle chamber (atrium stigmatique. Text-fig. 16, at) situated
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in the hind end of the body, which opens into a single l^reathing

aperture (a)., The details of the structure and function of

this part of the respiratory system are given in Portier's

paper, who says of the larvae of H y d r o p h i 1 u s p i c e u s , H .

caraboides, and H y d r o b i u s f u s c
i
p e s , the following :

' II n'y a point de faux stigmates apparents sur les parois

laterales du corps, et pas non plus naturellement de

ramifications tracheennes qui se rendent a cette region des

Text-fig. 14.

trv

Longitudinal section of ])levu-al appendage of abdomen. The
tracheae {tr), muscles (m), fat-body (/6), and cells of haemolj'mph
{ch) are visible. Zeiss, ob. DD, oc. 0.

teguments comme on en voit chez les larves de Dytiscides
'

(loc. cit., p. 259).

This conclusion of Portier's is not precise, at least in the case

of the larvae of H. caraboides, as the latter have nine

pairs of lateral spiracles, two of which are on the thorax and

seven on the abdomen.

The spiracles have an oval external outline, the latter showing

two smaller ovals closely adjoining each other. The spiracles

are located on the tops of conical evaginations of the integu-

ment, which in these places are covered with dark-brown

chitin. These evaginations are situated on the sides of the body

in the part of the pleural appendages of the larva (Text-fig. 15,

stj). From the spiracles the initial narrow trunks of the tracheae

start as a sort of vestibulum.

They are thick-walled and set inside with a dense brush of



Text-fio. 15.

Transverse section of lateral wall of abdomen of larva of first

stage through a closed spiracle {«(/"). trl, tracheae, Zeiss,

ob. DD, DC 4.

Text-FIG. 16.

Longitudinal section of liind end of abdomen w-ith breathing

apertures (a), atrium (at), and end of main longitudinal tracheal

trunk (^0- Zeiss, ob. DD, oc. 0.
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pillars, that is to say they have a structure similar in its idea

to that of the spiracles and the beginning of the tracheae in

other insects, as, for instance, in the caterpillars of Lepidoptera •

(Bombyx mori) (Verson and Guayat).

In the latter instance the inner brush-like structure of the

vestibulum plays the part of a filter, serving to retain the

dust from the air inhaled.

In the larva of H. caraboides the pillar-hke cuticula

of the initial parts of the tracheae evidently has no special

application, since the spiracles themselves are closed by

a chitinous membrane. That they are really closed, and there-

fore do not act as breathing apertures, can be well observed

on a living larva immersed in a fixing fluid, as for instance

Duboscq's mixture. The body is compressed by the action

of the fixative, and the air comes forth from out of the spiracles

in the form of silvery bubbles. Such bubbles appear in the

larva of H. caraboides only on the hind end of the body,

i. e. from the mouth of the tracheal chamber (atrium stigma-

tique). But the lateral spiracles join, as has been observed

above, the main longitudinal tracheal trunks by means of

narrow branches.

The tracheal trunks play also an accessory part—they serve

as natatory air-bladders which facilitate the ascent of the larva

and passive flotation near the surface of the water.

The larvae of H. caraboides are very sensible to lack of

air. During the feeding process they must breathe ; on account

of this necessity the larva is obliged to assume a very peculiar

and uncomfortable attitude when feeding, as is illustrated in

Text-fig. 2.

If the larva is put into a small vial with water corked in such

a manner that there is no bubble of air left inside the vial,

and it cannot therefore find the surface of the water, it begins

to make restless movements.

The larva starts up and meets with the glass wall of the vial.

It struggles with the end of the abdomen, swims actively

about, changes place in search of the surface of the water.

Its restless movements become swifter, it turns along the axis
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of the body, draws in the end of the body and swiftly pulls

it out again, as if trying to tear off something closing its

breathing apertures. Probably such movements are made
by the larva also under natural conditions after moulting, in

order to throw off parts of the old skin or the chitinous lining

of the tracheae, which might l)e left sticking to the hind end of

the body and thus diminish the breathing aperture or even

altogether shut it.

After fifteen to tw^enty minutes the periods of movement of

the larva alternate with periods of rest. The movements of the

legs and the mouth-parts become convulsive, and are repeated

more and more rarely. I'lie larva rises passively and lies

under the surface of the glass in a bent attitude with its belly

up. In this case the significance of the tracheae as a natatory

apparatus is manifested l)est. The immovable larva is

not yet dead and can regain life if transferred into an

open vial ; the time during which a larva can be kept without

fatal results without air varit^s and de])ends on various circum-

stances, as temperature, individual peculiarities of the larva,

&c. In some of my experiments the larvae came to life again

after having been deprived of air for two and even seven hours.

The question arises whether the pleural a})pendages (Text-

fig. 14) of the body and the caudal appendages play an accessory

part of tracheal gills, but I have not been able to clear this up

for want of material and other reasons.

In conclusion of these remarks on the respiratory organs

we might discuss the finer structure of the tracheal trunks of

H. caraboides. As in all insects the chitinous lining (in-

tima) of its tracheae bears filiform thickenings, the t a eni d ia
,

the windings of which give the tracheae a transversely striated

aspect. In the larva of H. caraboides the taenidia have

not necessarily the aspect of a spiral thread, as in some places

there are free ends of them between two adjacent windings
;

thus presenting a picture of structure similar to that observed

by Minot (1879) in Hydrophilus (Hydrous) piceus
(cited after Berlese, 1909).

The degree of independence, or rather of precision, of the
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taenidia is disputed by E. Schneider (1902), who writes on

the tracheae of H y d r o p h i 1 u s p i c e u s as follows :
'

. . . eine

faserartige Verdickung der Intima existiert aber nicht, es kann

also nur von einer Hpiralfalte geredet werden. Genaue Unter-

suchung zeigt folgendes. Zu unterscheiden sind die Furchen,

welche eine Falte begleiten, ferner die steil aufsteigenden

Faltenwiinde und die flache Faltendecke, deren Breite im

Durchschnitt der einer Fiirche entspricht. An geschwarztem

Materiale treten entweder die Wande als schwarze Striche, die

parallel nebeneinander verlaufen, oder die Faltendecken als

schwarze Streifen scharf hervor, wahrend die Furchen innner

massig dunkel erscheinen ' (loc. cit., p. 505).

When stained with iron haematoxylin, or Giemsa's stain, the

taenidia of the main tracheal trunks of the larva of H , c a r a -

boides stand out vividly on the colourless ground of the

chitinous cuticula, from which they are more separated, than

the structures in the shape of grooves or folds.

In the taenidia just described I succeeded in observing

character of their structure which bears evidence in favour

of their strong individualization from the lining of the tracheae,

of which the former are of course a product. Thanks to the

comparatively considerable thickness of the taenidia, their

heterogeneous structure is plainly visible in sections (transverse,

or better in tangential sections). The taenidium is a thin-

walled capillary tube, as the darker wall and the lighter lumen

are easily distinguished.

This structure has a certain meaning. The walls of the

tracheae must possess a considerable elasticity, as for breathing

purposes their lumen must be open for the passage of air.

Besides, they perform another function of a more mechanical

significance, i. e. they are the ligaments that hold the organs

in their mutual position. Finally, the tracheae represent

elastic pillows, which lie between different internal organs.

The latter function of the breathing tubes is clearly visible

in the larva of H . c a r a b o i d e s , since the greater half of the

cross-section of the abdomen is occupied by the tracheae.

Between the latter passes the hind intestine, which, when over-

filled with excrements, presses on the adjacent walls of the
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tracheae. These latter resist the pressure owing to the elasticity

of the included air (which acts only when the breathing

apertures are closed), as well as in consequence of the structure

of the tracheal walls themselves. The taenidia having the

structure of pipes resist any mechanical influence, in particular

pressure, more completely than would taenidia of the same

diameter if they were solid. An analogous principle in the

resistance of materials is applied in the engineering practice.

The forms of taenidia are not the same in different insects.

Passing over the details we might point out that the taenidia

of hemipterous Z a i t h a f 1 u m i n e a have the form of a groove,

which structure gives the trachea a mechanical advantage.

On the Integument and its Appendages.

The body of the larva of H. caraboides is thickly set

with hairs. These are of several kinds :

(1) Fine hairs ; the most numerous on the segments and the

pleural appendages of the abdomen.

(2) The long terminal threads of the pleural appendages.

(3) The scarce setae.

(4) The setae on a pigmented and elevated base.

The latter are arranged in fours on the tergites of each

abdominal segment, forming together four longitudinal rows.

In connexion with its dense hairiness the integument of the

larva of H. caraboides possesses a high degree of sensibility.

It is sufficient to touch one of the long hairs of the pleural

appendages of the abdomen (Text-fig. 1) to make the larva

instantaneously turn its head to the side where the irritation

comes from and to seize the disturbing object with its mandibles.

These organs are useful in two respects : (1) They serve the

larva for self-defence, as its whole body with the exception of

the head and perhaps also of the thorax is very soft, easily

vulnerable, and accessible to the attacks of different carnivo-

rous inhabitants of fresh water ; receiving due notice of any

possible danger, the larva gets time to put its defensive organs

into action, i. e. its sharp and strong mandibles. (2) If a weaker

or harmless creature happens by chance to touch one of the
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long sensory hairs of the larva it becomes its prey, as it gets very

little chance of escaping the murderons mandibles ; in this

latter case the sensory hairs attend indirectly the feeding

wants of the larva.

The sensory hairs of the pleural appendages are of consider-

able length ; in the young larva of the first stage the hair

might be twice or thrice as long as the pleural appendage.

In consequence the receiving surface of the body of the larva

is considerably increased, and the latter is able to orientate

itself better in the surrounding medium, both for taking

measures of defence and for the capture of prey. The armature

of the head of the larva is usually kept in readiness, i. e. all

oral appendages are wide open and have only to contract at

the suitable moment.

An analogous sensibility is found also in the hairs on the

tergites of the body. When the irritation comes from above,

the larva throws its head up and backwards with the same

quickness and generally attains its end.

But the larvae of H. caraboides are not absolutely

safe from peril. For instance, they are ready to devour

each other if kept in close vials and fed unsatisfactorily. An
examination of the skins of devoured larvae showed that they

were all wounded in the tergites of the thorax only. This

place is, so to say, the Achilles-tendon of our larvae.

The thoracic integuments are also not devoid of sensibility
;

but if the attacking animal succeeds in seizing it at once by the

tergites of the thorax, the larva of H. caraboides finds

itself in a defenceless position, because in this case it cannot

throw back its head and put its mandibles into action.

In some of the larvae the pleural appendages and their

terminal hairs were partly torn off. The aperture of the

wounded places were shut by dark-coloured chitinous plugs

of an evidently inflammatory origin. Doubtless the respective

larvae had been in a position endangering their lives, and they

had come out safely thanks to their sensory and tactile

apparatus, a partial loss of which is not fatal.

After these biological remarks we shall discuss the structure
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of the integumental appendages of the larvae of H. cara-
boides.

The greater part of the hairs are chaetoids, i. e. organs

developed exclusively from the chitinous cuticula ; the hypo-

derm under them does not show any peculiarities in its struc-

ture (PI. 27, fig. 7).

The terminal (long) hairs of the pleural appendages are also

chaetoids, but they take their origin from a differentiated

terminal platform under whicli there are located large cells

with large nuclei. These cells are probably of a neural

character ; but this could have been proved only by applica-

tion of special methods of staining (with methylene-blue for

instance), which did not enter into the task of my work.

The setae of the integument are distinguished by greater

length, stoutness, and stiffness (PI. 27, fig. 8). The base of the

seta is lodged in a chitinous cup-like tubercle (theca, ct) in

the interior of which is found a differentiated ring, which is

stained black by iron haematoxylin. Under this chitinous

armature lie two cells (fig. 8, etc), of which the larger one is

triehogenous and the smaller thecogenous. Together they

form a kind of follicle which invaginates into the cavity of

the body from a row of hypodermal cells.

The setae described perfectly correspond with the type of

dermatochaetae, according to the classification of the integu-

mental appendages given by N. Nassonov (1901). In particular

they belong to the dermatochaetae plerothecatae (E. Pav-

lovsky, 1917), i.e. setae with a solid theca.

Finally, the largest setae (PI. 27, fig. 9, on a pigmented base)

are distinguished by the most complicated structure. The

long chitinous rod (fig. 9, tCy) has its base set into a barrel-

like elevation of the integument. Into the upper part of this

barrel a short cylindrical cartridge (fig. 9, tc.2) is inserted, with

which, properly speaking, the seta is articulated.

Under this formation there lie two large cells (fc), one of which

is distinguished by an enormous nucleus (the triehogenous cell) ;

in the protoplasm the borders between the nuclei are not

visible.
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The hypodermal cells (PI. 27, fig. 9, hp) are distinguished from,

the ones just described by a smaller size. In the hollow of the

cartridges there is a trace of lighter protoplasm directly con-

nected with the protoplasm of the trichogenous cell. In this

place there are located cells which stain pale and have nuclei

containing but little chromatin, and which are evidently the

nuclei of the hypoderma of the cartridges. From beneath this

structure emerges a rather stout sinuated fibre, which ter-

minates in a darker widening with a slender terminal appendage

(PI. 27, fig. 9, n ? a, nervous fibre ?) ; the nervous fibre reaches

from the body-cavity to the trichogenous cell (PI. 27,

fig. 9, ns?).

These setae can be characterized as dermatochaetae dupli-

thecatae, as their basal cup (the theca) is double.

In conclusion, a few more words must be said regarding the

structure of the pleural appendages of H. caraboides.
The hypoderm and the chitinous cuticula are not distinguished

l)y any particular peculiarities from the usual integument of

the remaining parts of the body. They are covered with

chaetoids ; the terminal long hairs are connected at their

bases with nervous cells.

The muscles are fastened to the lateral wall (Text-fig. 14, wt)

of the pleural appendage and their function is to contract the

appendage. Through the lumen of the latter pass slender

and few tracheae and the fat-body ; besides the indispensable

cells of the haemolymph are present.

On the Nervous System.

The central nerve-cord consists, excluding the cephalic

ganglia, of three pairs of thoracic and eight abdominal ganglia,,

of which the last ones, i. e. the tenth and eleventh, almost

touch each other, and the ninth is situated nearer to the

tenth than to the eighth. The thoracic ganglia are larger than

the abdominal ones ; the first abdominal ganglion closely

touches the last pair of thoracic ganglia. On the whole the

ganglia are disposed fairly equally, and the whole cord shows,

a more or less regular structure.

NO. 264 Y y
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DESCRIPTION OF PLATE 27.

Fig. 1.—Transverse section through rectal sac of mature larva of

Hydro phil us caraboidesat the anterior end ; high (ep) and low (epj))

epithelial walls are visible. In the cavity of the sac are bits of torn and

ground chitin (c/i), swallowed together with liquid parts of food.

Duboscq, iron haematoxylin. Zeiss, ob. AA, oc. 2.

Fig. 2.—Same, but in a larva of the first stage. Duboscq, iron haema-

toxylin. Zeiss, ob. AA, oc. 2.

Fig. 3.—Part of longitudinal section of middle intestine (stomach) with

crypts (crp) of a larva of first stage, mt, circular muscles ; ml, longitudinal

muscles. Duboscq, Giemsa's stain. Zeiss, ob. '/,„ hom. imm., oc. 1.

Fig. 4.—Crypt of stomach of mature larva. Duboscq, iron haema-

toxylin. Zeiss, ob. Y,., hom. imm., oc. 1.

Fig. 5.—Oblique section of Malpighian tubule of mature larva. In the

protoplasm of cells conspicuous differentiation of layers and copious

accumulation of pigment grams (pg). Duboscq, Unna's Polychr.-

Methylenblau. Zeiss, ob. ^/,2 hom. imm., oc. 0.

Fig. 6.—Same, in a larva of first stage. Duboscq, iron haematoxylin.

Zeiss, ob. Vjo hom. imm., oc. 0.

Fig. 7.—Hair {chf) of chaetoid ty])e from back of larva. Under the hair

is the usual hypodermic cell (hp). ch, chitine. Duboscq, iron haema-

toxylin. Zeiss, ob. Yi> hom. imm., oc. 2.

Fig. 8.—Hair with thaeca (tc) and ampulla {etc) consisting of two—the

thaecogenous and trichogenous—cells, ch, chitin ; hp, hypodermic cell

;

cA^ chaetoid. Duboscq, Giemsa's stain. Zeiss, ob. 7]2 hom. imm..oc. 2.

Fig. 9.—Hair (tr) with double thaeca {<c,, tCo) and attending nerve

(7is t 111) ; fc, ampulla ; hp, hypodermic cell ; chi, chaetoid. Duboscq,

iron haematoxylin. Zeiss, ob. Y,., hom. imm., oc. 4.
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A further Account of the Spermatogenesis

of Lice.

By

H. Graham Cannon.

With 1 Text-figure,

In 1919 the late Professor Doncaster and the present author

investigated the gametogenesis of the hce Pedi cuius
corporis and Pedi cuius capitis. An account of this

work was published during the following year (3). The cytology

of the spermatogenesis was found to be so peculiar and in some

respects unique, that it was decided to extend the work to

other lice. At the time of his death Professor Doncaster was

working on the gametogenesis of the horse-louse and the dog-

louse. The material collected by him together with his notes

was handed over to me by Professor J. Stanley Gardiner.

A perusal of the notes showed that Doncaster had only

cursorily examined his material and had not arrived at any

new conclusions. For this reason it was not considered advis-

able to publish any further account based on the new material.

However, at the end of 1919 an account of the spermatogenesis

of Pediculus vestimenti was published by Miss Foot (4)

which differed so considerably from that published by Doncaster

and myself that a thorough examination of Doncaster's new

material seemed called for, and the present note is an account

of that work.

The material examined consisted of testes of the dog-

louse (Lignognathus pi lifer us) and of the horse-louse

(Haematopinus asini). Some fixed material of the last-

named species, obtained from a donkey, was kindly sent to me
recently by Mrs. Bisbee of Liverpool University, who was

assisting Professor Doncaster in this work. I also obtained
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some specimens of Haematopinus consobrinus from

a monkey that died in the Zoolof^ical (lardens.

As with Pechcukis, the material was found to be extremely

refractory with re^^ard to fixation. The best fixation generally

was obtained with Flennning and Flemming without acetic.

For the various stages of the mitosome Mann's corrosive osmic

fixative gave excellent results. Kopsch's method of pro-

longed fixation in osmic w-as found to be useless—the unstained

sections showing nothing impregnated. For staining—as with

Pediculus—the only stain of any considerable use was Heiden-

hain's iron haematoxylin. Altmann's methyl green-fuchsin was

used for some of the material but did not give results of much
value.

The most important points in the spermatogenesis of Pedi-

culus as described by Doncaster and myself are as follows

:

(1) While the somatic chromosome numl)er is t^\elve the

spermatogonia] figures show^ only six. This apparently haploid

numl)er of chromosomes in the spermatogonia we ascribed to

premature pairing. (2) There is only one spermatocyte division,

which is extremely unequal, leading to the separation of

a minute ' polar body-like ' cell which degenerates. (3) The

centrosome of the spermatid is double and from each half

an axial filament grows out so that the developing spermatozoa

have two conspicuous axial filaments.

The account given by Miss Foot differs from our description

in the following points : (1) The somatic number of chromo-

somes is stated to be ten, and in the few spermatogonial groups

found it is also stated to be ten. (2) There is always an unequal

bivalent in the first spermatocytes. (3) Although the division

of the second spermatocytes was not observed, it is assumed

that this division is similar to that in corresponding mitoses

in ' other species of Hemiptera '.

With regard to the chromosome number. Miss Foot states that

the chromosomes are so small and so frequently constricted that

the estimated number can always be questioned. The chromo-

somes certainly are very small, but in equatorial plates of

follicle cells and of cells that we called spermatogonia we
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experienced no difficulty in making an accurate count of the

chromosomes, and, as we stated, the frequency with which

we were al)le to make these counts can leave no doubt as to the

actual number of chromosomes. No evidence was found of an

unequal pair. The sizes of the chromosomes varied somewhat

and this, combined with their smallness, would have made it

possible to postulate dimorphism in the chromosomes only if

the difference in size were very marked.

The tliird difference between the two accounts, namely that

referring to the unequal spermatocyte division, is the most

important. Miss Foot maintains that the first spermatocyte

chromosomes of Pediculus are very similar to those of

Euschistus, and states that as the first spermatocyte chromo-

somes ' have the same morphological characteristics as the

corresponding stages in other species of Hemiptera, it is logical

to assume that the second spermatocyte chromosomes would

be equally typical \ Unfortunately the paper is not illustrated

by the usual excellent photographs which characterize so many
of Miss Foot's works, and it is difficult to compare her Pediculus

figures with her series of photographs of spermatocyte divisions

of Euschistus. However, by comparing our preparations of

Pediculus with Miss, Foot's Euschistus photographs I have to

confess that I cannot see any resemblance at all.

Further, Miss Foot's observations were made on smear

preparations. In such preparations I think one may say that

it is highly probable that spermatocytes dividing in such an

unequal manner as we described would be so distorted, if not

completely collapsed, as to be unrecognizable. The small polar

body-like cell which is given off from the spermatocyte is,

at the moment of its formation, a long finger-like process. In

a smear preparation it is most probable that this attenuated

process would be either torn away from the remainder of the

dividing cell or else the whole cell on being freed from the

surrounding cells would round itself off and appear as a cell

in equal mitosis.

Sections of the testis of Pediculus show an orderly sequence

of stages from the spermatogonia at the free end to the fully



€60 H. GRAHAM CANNON

formed spermatozoa at the thicker end nearer the vas deferens.

The position of a cell is thus to some extent an indication of

the stage of its maturity. In smear preparations this orderly

arrangement is obliterated, and hence it appears to me it would

be an easy matter to overlook the unequal spermatocyte

divisions in such preparations, even if they were demonstrable,

unless their presence were suspected.

Another aid in working out the spermatogenesis is the develop-

ment of the cytoplasmic inclusions, especially the mitosome,

pari passu with the maturation stages. It is significant that

Miss Foot does not mention or figure the mitosome which is

so conspicuous in the later stages of spermateleosis.

From the examination of the new louse material it is clear

that the course of spermatogenesis in the three species observed

is, in its main features, the same as that in Pedi cuius

corporis and Pediculus capitis as described by

Doncaster and myself, and does not agree with the process as

described by Miss Foot. This fact is in itself strong indirect

evidence in support of our original description.

The testes of the three species examined were all similar to

those of Pediculus, those of H. consobrinus being some-

what more pear-shaped and less ovoid. The arrangement of

the follicles of cells was the same in all cases, the spermato-

gonia being at the free end and the mature spermatozoa being

found at the broader end at the entrance to the vas deferens.

A conspicuous mitosome is formed in the spermatid by the

coalescence of the mitochondria as in Pediculus. In the

horse-louse all stages of the single spermatocyte divisions were

found, and these were, in all essentials, closely similar to those

in Pediculus. The metaphase spindle is always eccentric, the

main part of the cell being occupied by the mitochondrial

mass. During anaphase the spindle elongates very considerably,

and one pole, with its centrosome, is carried outwards from the

main body of the cell on a long finger-like projection extending

outwards to a distance of the diameter of the cell. This

process, with its contained chromosomes, breaks away from

the body of the cell, forming a minute ' polar body-like ' cell-



SPERMATOGENESIS OF LICE 661

In the dog-louse and in H, consobrinus I have been unable

to find the spermatocyte divisions, in the latter case perhaps

because my material was scarce ; but in the former case all

mitoses were extremely rare. As, however, all the other stages

of spermatogenesis in the two forms corresponded closely to

those of the horse-louse and of Pediculus, it is logical to infer

that the missing spermatocyte divisions will be of the same

type.

In the horse-louse the number of chromosomes in spermato-

gonial metaphase plates is nine. Spermatocyte prophases

indicate a similar number, but not so clearly. In anaphase the

chromosomes are too clumped to count with certainty. In

H. consobrinus the spermatocyte prophases show seven

chromosomes. In the dog-louse no reliable count was obtained.

After the telophase of the spermatocyte division of the horse-

louse the centrosome appears to double as in Pediculus, and

from this double centrosome the double axial filament of the

tail of the spermatozoa commences to grow out. At this stage

the chromatin of the nucleus appears in a clumping which is

very irregular but in which a conspicuous nucleolus is always

present (Text-fi.g. i). As the spermatid elongates the nucleolus

becomes attached to the nuclear membrane so that it projects

partly in and partly out of the nucleus (Text-fig. j). It usually

appears near the apex of the spermatid but its position is not

definite. As spermateleosis proceeds all the staining material

in the nucleus disappears, and with it the nucleolus becomes

gradually smaller and also disappears (Text-fig. l). This

process does not take place in the dog-louse nor in H. con-
sobrinus. In Pediculus we described a deeply-staining

body which lies within the nucleus at the posterior end of the

heads of fairly late spermatids. This does not occur in any cf the

new lice examined, and probably corresponds to the late appear-

ance of the nucleolus described here in the horse-louse.

In Pediculus we described a body which we provisionally

called the ' acroblast '. In referring to acrosome formation

generally, Gatenby and Woodger (8) state ' according to the

account given for Smerinthus by Gatenby (6) and for Pediculus
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b}^ Doncaster and Cannon (3) all the Oolpfi apparatus is taken up

in the formation of the acrosome ', This statement might pass

Text-fig. 1.

Diagram illustrating the spermatogenesis of lice, a., acroblast.

^4.. acrosome. ;«., mitochondria. J/., mitosonie. ilfr., mitosome
I'emnant. nl., nucleolus.

without comment were it not that it is grossly inaccurate.

We stated ' we have been unable to determine ^nth certainty

either the origin or the nature of the " acroblast '', but on the

analogy of the bodies in Lepidoptera, which Gatenby calls by

I
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the same name, we suspect that it belongs to the Golgi

apparatus. Attempts to prove this by Kopsch's method . . .

have, however, failed to confirm this behef. . .
.' We took this

view that the body with which we were dealing was probably

the ' acroblast ' on account of its behaviour in moving ulti-

mately towards the tip of the developing spermatozoon, and

we associated it with the Golgi apparatus because we were

convinced that the ' acroblasts ' of Gatenby were really the

Golgi bodies of earlier writers—a conclusion at which Gatenby

ultimately arrived—not in the paper on Smerinthus quoted by

Gatenby and Woodger, in which no mention is made of

the Golgi apparatus, but in a paper published two years

later (7).

In the three species of lice examined there is, in each case,

a conspicuous body which corresponds to the ' acroblast ' of

Pediculus, In the horse-louse its history could be made out

most clearly. It first appears just prior to the prophase of the

spermatocyte division (Text-fig. d). In Pediculus we stated

that the ' acroblast ' may sometimes be double at the time

of its first appearance, but is always a single spherical body

later. In the horse-louse it is usually, but not always, double,

and remains so until the spermatid has formed and is elongated.

Its appearance is very striking and its shape somewhat difficult

to describe. Its two parts are sometimes equal (Text-fig. h),

but more usually one is smaller than the other (Text -fig. d and

j). The shape of each half may best be described as ' bun-

shaped ". They are placed with their flat sides together but

are never touching. They are always separated somehow by

a transparent acromatic layer. Sometimes the two halves

are seen to be comparatively far apart (Text-fig. f and j).

If the difference in size between the two halves is great the

smaller half is almost spherical. In the elongated spermatid

just before the nucleolus finally disappears the acroblast is

a single body (Text-fig. k) placed against the nucleus close to

the double centrosome, as in Pediculus. It thus looks highly

probable that during spermateleosis the double acroblast loses

one of its halves, which passes away from the nucleus and
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disappears. The stages in which the two halves are far apart

(Text-fig. F and j) very probably illustrate this process taking

place.

In a recent paper on the sperm of Hemiptera Bowen (1)

enumerates fifteen cases by other authors besides his own
description in which the acroljlast of the spermatid in giving

rise to the acrosome, which forms the tip of the spermatid,

gives off a body termed by him ' the Golgi remnant ', wdiich

is lost in the protoplasm of the tail region of the spermatid.

Probably the case of the horse-louse must be added to this list.

In the dog-louse and in H. consobrinus the acroblast

is single as in Pediculus.

Whether or not this bod}'^ which we tentatively called the

acroblast is really flic liomologue of the Golgi apparatus in

other cells cannot be said with certainty until a more precise

definition of the Golgi bodies is found. In the dog-louse in

Mann-Kopsch preparations there are indications of the acroblast

arising from two or three scattered granules which may be the

true Golgi bodies. However, these are not impregnated by

prolonged fixation with osmic acid. A character that is as

specific of Golgi bodies as is their staining reactions is that they

always show a definite relation to the centrosome during

mitosis. It is significant that in all the lice examined the

acroblast is peculiar in that it exists as such during the sperma-

tocyte division, and also it does not show any definite spacial

relations to the centrosomes of the dividing cell.

With regard to the mitochondria, preparations of dog-louse

material fixed in Mann-Kopsch completely confirmed the account

that we gave of the development of the mitosome in Pediculus.

There was a slight difference in that the earliest spermatogonia

in the dog-louse showed the c^'toplasm completely filled with

vacuolated mitochondria, whereas in Pediculus Professor

Doncaster was of the opinion that some of the earliest sperma-

togonia showed granular mitochondria. However, the gradual

fusion of these mitochondrial vacuoles to form a mitosome

consisting of a central chromophilic mass surrounded by two

large vacuoles took place exactly as in Pediculus and \\'ill not
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be described further here. The process is figured in Text-figs.

A-J.

We pointed out that the appearance of the mitochondrial

mass that we described was ascribed by Gatenby to faulty

fixation. This author favours the view rather, that the

apparently vacuolated mitosome is the result of faulty fixation

on the ' spireme ' type of mitosome that he describes in

Lepidoptera (5). In a recent paper of Bowen's (2),
' On the

structure of the " Nebenkern " in the insect spermatid ', there

is a re-sdew of the work on this subject, and from this it is clear

that the description given by practically all other workers,

besides the very exact account given by Bowen himself, agrees

closely with the development of the mitosome as we described

it in Pediculus.

Apart from the fact that Gatenby's results have not been

confirmed by any other worker, there are several points in his

original description of the origin of the ' spireme ' mitosome

which make one cautious in accepting his views. He states

' that the spireme is formed from the chromophile rim (outer

layer) of the mitochondrial body, wdiile the substance, in which

the spireme lies, is the coalesced inner substance (chromophobe

part) of the mitochondrial layer '. He gives three diagrammatic

figures illustrating the process by which this transformation

is brought about and these figures are certainly very misleading.

In the first one are drawn optical sections of spherical mito-

chondrial granules, in the other two these granules are shown

elongating and fusing together and apparently thus forming,

first of all loops, and finally a spireme. Now if two bodies

with a chromophilic outer layer and a chromophobic inner

substance coalesce, whether they are elongated or not, they

merely form a larger body of chromophobic inner substance

with a larger chromophilic outer layer. They do not form

a thread of chromophilic substance in a mass of chromophobic

substance, at least not by the mere act of coalescence, as

Gatenby's figure indicates. What these figures really show is

the lengthening of the optical sections of spheres, which are

of course circles, to form loops, and their joining together to
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form ii continuous thread. Tliis process may be possi?jle ; but

what Gatenby has overlooked is the fact that the circles in his

first figure, and })resumably the drawn-out loops in his second

figure, do not actually represent loops of thread at all but

surfaces.

I do not wish to maintain that it is impossible to obtain from

a system of mitochondrial bodies, such as Gatenby describes,

a mitosomal spireme. If it is imagined that the chromophilic

substance disappears from the interfaces between the adhering

bodies and remains in the interspaces then some sort of a

network of chromophilic substance would be obtained which

miglit be described as a spireme, but this would not be a con-

tinuous single thread but a nuich-branching system of threads.

In viewing the mitosome, at any level of focus, one sees

a coiled thread-like mitosome just as Gatenby figures, but on

focusing up and down one is able to see that without any

doubt it is actually a plate work" foi'med by a system of vacuoles.

Summary.

The main results of the examination of cytological prepara-

tions of the testes of the horse-louse (Ha emat opinus
asini), of the dog-louse (Lignognathus pi lifer us), and

of Ha emat opinus consoln'inus may be summarized

briefly.

1. In all main points the spermatogenesis of these three

species of louse agrees with that described for Pedi cuius
corporis and Pedi cuius capitis by the late Professor

Doncaster and the present author. Miss Foot's account of the

spermatogenesis of Pedi cuius vestimenti is criticized.

2. In the elongating spermatid of the horse-louse, the

nucleolus appears for a short period as a chromatic mass

adhering to the nuclear membrane, projecting partly in and

partly out of the nucleus.

3. The acroblast of the horse-louse is usually a double body

consisting of two ' bun-shaped ' halves which are sometimes

of equal size, and which are separated with flat sides together



SPERMATOGENESIS OF LICE 667

by a transparent achromatic layer. The ' acroblast ' exists

as such during the single spermatocyte division, and finally

forms the ' acrosome ' of the spermatid.

4. The description of the mitosome given for P e d i c u 1 u s

corporis is substantiated by an examination of that of the

dog-louse. Gatenby's description of a ' spireme mitosome '
is

criticized.

Imperial College of Science, South Kensington.

May 6, 1922.
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Cannibalism in Amoeba vespertilio
(Penard).

By

Geoffrey Lapage, M.Se., M.B.,

Lecturer in Zoology, Tlie Victoria University of Manchester.

With Plates 28, 29, and 3 Text-figures.

1. Material and Methods.

Towards the end of July 1920 an old hay infusion, which

had been made some ten years previously and had been

left untouched in the laboratory since then, was examined to

find out what organisms it still contained. Among a fairly

abundant fauna, which included Ciliata and some Flagellata,

a good supply of small amoebae was obtained from the bottom
deposit.

By transferring portions of this bottom deposit to Petri dishes

and adding tap-water, these amoebae were cultivated. Although

some of the cultures failed, others throve well, especially those

in which the amoebae were feeding on the layer of small diatoms

which quickly spread over the bottom of the dish and were

present also in the clumps of vegetable debris.

From time to time aquarium water and boiled hay infusion

were added to replace the loss of fluid by evaporation.

The amoebae were examined on slides with and without

cover-glasses ; but this method was soon abandoned in favour

of hanging drops, made in the following way :

A glass ring, vaselined on both surfaces, was placed upon
an ordinary shde. A cover-glass, upon which a drop of the

culture fluid from the bottom of the culture had been placed,

was inverted, lowered upon the glass ring and then pressed

NO. 264 z Z
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down, SO that the drop hung in a sealed chamber. A small

drop of water was placed on the bottom of the chamber before

it was closed, as an additional precaution against evaporation.

These preparations were similar to those used for the study of

Helkestimastix (Woodcock and Lapage, 31) and in them the

amoebae could bo observed for several days. It was found that,

after a day or two, all the organisms in the drops, and especially

Cihata such as P a r am o e c i um b u r s a r i a , became very

sluggish ; but they could be readily re^dved by lifting the

cover-glass for a few minutes and replacing it again. The

renewal of the air in the chamber, effected in this way, had

a remarkably invigorating effect upon the organisms, the

Paramoecium bursaria, for example, immediately

resuming their normal lively activity. The method had the

additional advantage that the organisms under observation

could be fixed at any desired moment, by simply removing

the cover-glass, spreading out the drop upon it, after removing

the adherent vaseline, and then dropping the film on to the

surface of a dish of fixative.

Permanent preparations were constantly made in this manner.

In addition amoebae were daily taken from the cultures and

fixed upon albumenized slides, the culture fluid being spread

out in a thin film before the fixative was added.

The fixative used w^as that introduced by Dr. H. M. Wood-
cock and was made up of two parts of a saturated solution

of corrosive sublimate in water to one part of absolute alcohol

with glacial acetic acid in the proportion of 5 per cent. Most of

the slides were stained by Dobell's alcoholic modification of

Heidenhain's iron haematoxylin method (Dobell, 8). This

method, though in some respects inferior to the watery iron

haematoxylin method, gave very good results. It has the

double advantage over the watery method of being quicker

and of avoiding the treatment of the preparation with water

or the lower grades of alcohol, in which many organisms,

unless previously hardened overnight in 70 per cent, or 90 per

cent, alcohol, are frequently washed ofi". It is undoubtedly

a very useful and reliable method for staining all kinds of
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Protozoa. Other stains used were Heidenhain's watery iron

haematoxylin and Delafield's haematoxylin. A counterstain

was not used, since it is quite unnecessary after these stains

and, in the opinion of the writer, tends to obscure, rather than
to improve, the results. Both Bausch and Lomh and Zeiss

microscopes were used, the ordinary high power dry lens being

sufficient for most of the observations on the living objects
;

but, when higher magnification was needed, a Zeiss apochro-

matic oil immersion was used.

2. Characters of Amoeba vespertilio.

Considerable difficulty was experienced in the identification

of the amoebae present in the cultures. It is not my intention

to enter here into this vexed question ; but it is necessary to

record the opinion that species of amoebae estabhshed upon
descriptions of their external characters alone, without a pro-

longed study of them under all conditions and a knowledge

of their nuclear apparatus and hfe-history, supported by the

evidence of stained preparations, must be regarded as pro-

visional only.

Until such detailed knowledge is available, however, the

existing data must be utilized ; and, when I say that the

amoeba which forms the subject of this paper corresponds with

that described by Dofiein (9) and Penard (21) as Amoeba
vespertilio, it should be understood that I do not neces-

sarily regard Amoeba vespertilio as a true species.

The account and figures of this amoeba given by Doflein (9)

are so excehent, and my own observations upon it confirm

his so exactly, that it is unnecessary for me to give here more
than a summary of its distinctive characters.

Amoeba vespertilio is a small amoeba, showing a well-

marked contrast between clear ectoplasm and granular endo-

plasm, and is, when healthy, very active. Its pseudopodia

are typically branched, with pointed ends, and are composed

mostly of ectoplasm. When the amoeba is creeping along

a substratum, it assumes a very characteristic shape, resem-

bling that of a bat's wing or of a duck's foot. The form is,

ZZ 2
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however, very variable and, under certain chemical and

physical conditions, star-shaped and other forms occur.

The nucleus is vesicular, with a well-marked endosome,

which stains deeply and shows, in preparations which have

been suitably differentiated, a well-marked meshwork structure

(PI. 28, fig. 1). This endosome is surrounded by a clear halo

in which no structure can be made out, and this clear area does

not appear to be separated from the endoplasm of the amoeba

by a definite nuclear membrane. The area of endoplasm

immediately surrounding the nucleus stains, however, more

deeply than the rest of the endoplasm, an effect which is due

to the heaping up, as it were, in this region, of the fine granules

of deeply-staining matter which are distributed throughout

the endoplasm on the strands of its meshwork.

The size of the amoeba varies considerably. Doflein (9)

gives the size of the motile creeping forms as being 220-250 n

long by 40-60 ii broad, whilst the star-shaped forms measured

from 60-150 y^, according to the length of their pseudopodia.

He says that the nucleus varies from 10-15/^ in diameter and

the endosome from 7-10 /^. The amoebae in my cultures were

rather smaller than this, the motile forms reaching 200 [i long

and sometimes rather longer, when the pseudopodia were well

extended ; but the majority of both motile and star-shaped

forms varied between 60-100 /^ in diameter. The nucleus

measured from 7-9 fi in diameter and the endosome from

4-7 A*. It should be mentioned, however, that these measure-

ments were made upon stained preparations in which some

shrinkage may have occurred.

The endoplasm usually contains numerous vacuoles as well

as abundant granules. One or more contractile vacuoles are

present. Penard (21) states that generally there is only one,

but that two or three are often present, one of which seems to

be the principal one, and that there is almost always a great

number of vacuoles distributed here and there, which appear

and disappear as if they played the part of contractile vacuoles.

I have also found that the presence of several contractile

vacuoles is a frequent feature of the amoebae in cultures, but
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amoebae with only one contractile vacuole were at least as

common.

Doflein (9) placed some of his amoebae in a cultm-e which

contained Prontonia leucas which were full of green

zoochlorellae. The amoebae fed upon the ' remains ' of the

Frontonias and themselves became infected with zoochlorellae.

A similar infection occurred in come of my cultures also, the

zoochlorellae being acquired in this case apparently from Par a-

moecium bur sari a. These zoochlorella-infected amoebae

were not, however, used for any of the observations described

below and there is no evidence that cannibahsm occurred in them.

The cultures also contained other small amoebae, which

were definitely different in external appearance from the

Amoeba vespertilio, and which remained so. As far as

I was able to judge from external characters only, these small

amoebae were of the Amoeba limax or Vahlkampfia
type. Their average size was 28-30 A' long by 6-8 fJ- broad

;

but their length varied from 20-50 n, and their breadth from

4-12 fi. They possessed a vesicular nucleus, similar in structure

to that of Amoeba vespertilio, its diameter being

5-6 fi, while the diameter of its endosome was 3 yw. These

amoebae were present in large numbers in some of the cultures,

especially in the later stages of the work.

A few amoebae, with a diaphanous appearance, rather larger

than the A. limax and without the slug-hke form which is

characteristic of the latter, were not identified. They may have

been either large A. limax forms or small examples of

Amoeba vespertilio, or they may have belonged to

another species altogether.

Other Protozoa present in the cultures included Para-

moecium bursaria, Pleuronema chrysalis, and

numbers of small Flagellata. No Thecamoebida were ever seen.

3. Observations on the Spheres.

The amoebae had not been long under observation before

attention was arrested by certain remarkable inclusions which

many of them contained.
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These were nucleated, spherical bodies, with a sharply-defined

outline, whose protoplasm resembled that of the amoebae

themselves. They would, indeed, have been almost indistin-

guishable from the amoebae containing them had they not been

in some cases enclosed in a v«!ry obvious vacuole, the margin

of which was very distinct. Between the enclosed body and

the margin of the vacuole was a space, varying in extent

in different cases (cf. PI. 28, figs. 2 and 5 ; PI. 29, figs. 9, 10,

and 11), which was pinkish in colour and presumably contained

fluid.

The diameter of the spheres varied between 8-46-5 //, both

these figures representing extreme sizes. The majority of them

varied between 20-26 /x. They were very distinct and well-

marked objects, much larger than the ordinary food vacuoles.

In certain positions of the amoebae, however, when the endo-

plasni was packed with food or when the protoplasm, in the

course of its streaming, became heaped up over the sphere,

the latter became very indistinct. This was especially the case

in the rare examples in which the vacuole round the sphere

was narrow. It was then difficult to determine the exact line

of demarcation between the enclosed sphere and the surrounding

protoplasm. On such examples it is quite possible for an inex-

perienced worker to mistake the spheres, in spite of their large

size, for the nucleus, a point to which we shall return later

(cf. below, p. 690).

In stained preparations the spheres showed a typical vesicular

nucleus, exactly similar in structure to the nucleus of the

amoeba itself, consisting, that is to say, of a central endosome

with a meshwork structure, surrounded by a clear halo, free

from chromatin and apparently structureless. Here again,

as in the amoeba, no definite nuclear membrane could be made

out. The whole nucleus of the sphere, including the clear halo

round the endosome, measured from 6-8 /i, and the endosome

itself from 4-5 A'.

Since the measurements were made from stained preparations,

in which some shrinkage may have occurred, the actual size

may have been rather larger than this, although very Uttle
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difference was observed between the sizes of the nuclei and the

endosomes of amoebae and spheres of the same size ; but, of

course, the bigger spheres showed bigger nuclei than the

smaller ones, A comparison of these measurements of the

nuclei of the spheres with those of the nuclei of the amoebae

was very striking

:

Diameter of the amoeba 60-130 /x Diameter of sphere . 20-26 /x

Diameter of imcleus of Diameter of nucleus of

amoeba . . . 7-9 /Lt sphere .... 6-8 fx

Diameter of endosome of Diameter of endosome of

amoeba . . . 4-7 lu. sx^here .... 4-5 ft

The correspondence was very remarkable, especially when it

was noted that the sphere scarcely differed in any respect, except

in shape, from the amoeba and was almost indistinguishable

from the rounded-off forms of the latter.

While it was inside the vacuole, the sphere was never seen

to move in any way by its own efforts. It was not ciliated nor

flagellated, nor did it put out pseudopodia, but maintained, in

most cases, a perfectly even spherical contour, although a few

cases were seen in which its outline was oval or even irregular

(PL 29, figs. 8 and 10). The spheres were sometimes rolled

over and over in the vacuoles by the streaming movements

of the protoplasm, in which case the whole vacuole probably

rolled about as a whole. But, in one instance, when the

streams of protoplasm were very active along the sides of the

vacuole, the enclosed sphere was seen to rotate in the opposite

direction.

The spheres could be squeezed out of the amoebae by gentle

pressure on the cover-glass, and then lay quite motionless and

spherical in the water near by. Tw^o such squeezed out on

July 21, 1920, at 2.30 p.m., remained quite unchanged until

11 a.m. on the following day. It was also noticed then that

numbers of such free, motionless spherical bodies, resembling

rounded-off amoebae, could be found in the cultures. Doflein

(9) states that, in old cultures of Amoeba vespertilio

which had become foul and acid in reaction, the amoebae tended

to round off and to die. Two questions therefore arose

:
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(1) Were these rounded bodies in my cultures individuals which

had rounded off ? and (2) Were these rounded bodies the same
as the spheres which had been seen inside the amoebae, and had
the amoebae been extruding them into the culture ?

In order to throw some light on these questions a series of

amoebae containing spheres was kept under observation, and
the fact was established that the spheres were actually extruded

by the amoeba very frequently. Text-fig. a gives the successive

stages in the process. It is a composite hgure drawn from

numbers of sketches made during observations on the living

object, and it shows that the extrusion of the spheres resembles

ordinary defaecation of the undigested remains of food. It

should be noted, however, that the ingested sphere was often

carried about in the amoeba for a considerable time, and
might often remain for some time in the posterior end of the

amoeba, separated from the water only by a very thin layer of

ectoplasm, giving the impression that it is about to be extruded.

Frequently, however, the protoplasm flowed round it again,

and it was taken once more into the central part of the endo-

plasm. Further, when a vacuole containing a sphere was lying

near the surface of the amoeba, and an ordinary food vacuole

was lying close against it, the two being separated only by

a thin film of protoplasm, the food vacuole might discharge its

contents, while the sphere remained unaffected and might be

taken again into the depths of the endoplasm (Text -fig. a, 8).

There was, therefore, no external appearance which could

be taken as an invariable sign that the ingested body was
about to be extruded. A sphere might be carried about thus,

on the verge, as it were, of extrusion, for a long time, and might

then be taken in again ; or it might be suddenly extruded :

or it might, when deep in the endoplasm, rapidly approach

the surface and be extruded almost immediately after it had
arrived there. In one case the process lasted, from the first

rupture of the enclosing membrane to the time when the sphere

was quite free, about thirty seconds, from which it will be

realized that, when once the extrusion had begun, it proceeded

rapidly. Further, although the extrusion usually took place



Text-fig. A.

Freehand sketches of living amoebae to iUustrate the ingestion and
subsequent extrusion of the sphere (rounded-off amoeba).
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at or near the end of the amoeba which was posterior in progres-

sion, this was not invariably the case. The sphere might be

extruded at the side or at any other point. Probably it is

correct to say that, when the amoeba was progressing rapidly

in one definite direction, extrusion usually occurred at or near

the posterior end ; but when the amo(fba was putting out

pseudopodia in all directions and was not changing its position

much, extrusion might then occur at any point of its surface.

This is probably true of ordinary defaecation also. When the

ingested body was about to be extruded it appeared as in Text-

fig. A, 13, and was usually, though not always, surrounded

by a well-marked vacuole, pinkish in colour, and separated

from the water only by a thin layer of protoplasm. This layer

became thinner and thinner, until it was reduced to a mere

membrane. Finally it was broken at one point. The ingested

sphere then seemed to be forced out, slowly at first and then

more rapidly, and at the same time the two halves of the

enclosing membrane were witlldra^\^l along its sides, so that

the opening to the water was widened (Text -fig. a, 14, 15, and

16). A final effort of expulsion then quite suddenly forced the

ingested body out and the cavity which it had occupied

rapidly closed.

That an active effort of expulsion occurred is suggested by

the fact that the ingested sphere did not merely slide out,

but was projected by the force of the expulsion well away from

the side of the amoeba. This may have been, however, merely

the result of the explosion of the fluid vacuole in which it lay.

The important detail to be noted here is the fact that the

vacuole containing the sphere sometimes contained diatoms

or the partially digested remains of zoochlorellae, as well as the

sphere, and that these were expelled with it and lay with it

free in the water. This is a small point which suggests that

the sphere had been ingested at the same time as the diatoms,

that the vacuole in which it lay was a true food vacuole, and

that the sphere was an ingested organism and not a body

formed by the amoeba itself.
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4. Description of the Free Sphere.

One of these recently extruded spheres, observed on July 21,

1920, was being rolled over and over by the movements of

P a r a m e c i um b u r s a r i a in the culture, and was seen to be

perfectly spherical. The cytoplasm was clear, containing fine

dark-looking grains together with some larger refractile

granules, the nature of which I have been unable to determine.

In stained preparations the cytoplasm showed a well-marked

meshwork structure and the fine grains referred to above were

distinguishable, being distributed over the strands of the

meshwork and especially heaped up around the nucleus

(cf. the description of the amoeba, p. 672).

In the living sphere the nucleus could not usually be distin-

guished, but in a few cases I was able to detect it. It is possible

that the spheres in which it was visible were dead ones.

As has been noted above, in stained preparations the nucleus

of the sphere shows the same structure as that of the amoeba

itself. While some of the spheres contained no other structure,

others, on the contrary, were full of diatoms and other bodies

in food vacuoles (PL 28, figs. 2, 3, and 5). Sometimes, when

the amoebae contained zoochlorellae the spheres also contained

them.

The outline of the spheres was very definite, appearing as

a dark line, giving the impression that a definite limiting

membrane was present. Examination of stained preparations

showed, however, that no such limiting membrane is really

there, the effect of a membrane being produced by the arrange-

ment of the meshwork structure of the cytoplasm at the surface,

an effect which is commonly seen also in rounded-off amoebae.

In spheres observed under the oil-immersion lens, it was

noted that, while immediately after extrusion no contractile

vacuoles were present, these appeared a short time after extru-

sion. In no case have contractile vacuoles been seen in the

spheres while they are still in the amoebae. They were never

present when the spheres were extruded, but they often

appeared soon after extrusion. Since their appearance is at
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least a sign of vitality, some attention was paid to the time of

their appearance, their numl)er, and their rate of pulsation.

A series of observations upon many extruded spheres estab-

lished the fact that th(* contractile vacuoles appeannl in them

at irregular int(<rvals after their extrusion. In one case,

for example, a contractile vacuole appeared in the extruded

sphere in less than a minute after its extrusion, and one minute

after extrusion, two contractile vacuoles were present. In

another case, however, no change occurred in the extruded

sphere until twenty-two hours had elapsed, when two con-

tractile vacuoles appeared. But in the majority of cases one

contractile vacuole had appeared in anything up to twenty

minutes after extrusion and two were present about half an

hour later. The number thereupon generally increased to

four, or in a few cases to six or even eight.

It would be natural to assume that the appearance of several

contractile vacuoles in the sphere was an exceptional occur-

rence, perhaps indicating a pathological condition of the

sphere itself or unfavourable physical conditions of the fluid

in which it lay. The active amoebae in the same fluid also con-

tained more than one contractile vacuole. Indeed, according

to Penard (21), Amoeba vespertilio often possesses two

or three. In my cultures some amoebae were certainly seen

with only one and others with several, so that no accurate

statement can be made as to what is the normal number.

But, if the amoebae in the hanging drop contained more

than one, it was not remarkable that the spheres should also

develop several, when they were extruded into the same

chemical and physical environment.

It was, however, noted that the numbers of contractile

vacuoles in any particular sphere might change. In spheres

which contained four or more this number was often reduced

to two, especially in those spheres which, as we shall see below,

developed pseudopodia and moved away. The observations

on this point were not, however, sufficiently numerous to bear

more than the suggestion that the development of numerous

contractile vacuoles in the sphere was a temporary reaction

to its sudden change of environment, which disappeared as
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soon as the organism was able to adjust the physical state of

its protoplasm to that of the fluid around it.

It may also be suggested that, if the vacuole in which the

sphere had been enclosed were a food vacuole, the sphere,

when set free, would be suffering from the effects of the attempt

of the amoeba to digest it and would therefore naturally be in

a pathological condition, and that the contractile vacuoles would

be among the first of the organellae to betray this condition.

The contractile vacuoles arose deep in the protoplasm of the

sphere and could be seen to move to the surface, when they

were ready to burst. Often in doing so they glided between

the granules in the protoplasm, and were then compressed into

a dumb-bell shape when they passed between the granules, much
as an air bubble is distorted when it is pressed under a cover-glass.

The pulsation rate was not very regular. It varied from as

much as one contraction every quarter of a minute to one every

six and a quarter minutes, the average being about every

minute or rather less. Doflein's experiments (9) showed that

high concentration in the medium, such as would be hkely to

occur in a hanging drop, induces slow pulsation and a decrease

in size of the contractile vacuole. Some such influence probably

in part explains the irregularity observed here ; but no definite

evidence can be offered either in support of or against this view.

The slowest pulsation seemed to occur in the spheres with several

contractile vacuoles.

When several contractile vacuoles were present they often

burst simultaneously, leaving the sphere free from them ; but

when only two were present they seemed to alternate, one

bursting while the other one grew, so that the sphere always

contained one. Further, when several were present, two half-

grown ones often fused to form one larger one, which then

moved to the surface and burst.

The contractile vacuoles did not appear constantly in any

one position in the sphere, but, after bursting, might reappear

anywhere. That this is not a false impression produced by

rolling over of the sphere is shown by the fact that it was

observed in perfectly motionless spheres, and also by the fact

that when th© bursting of one set of four was delayed the second
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set of four might appoar all in differont positions from the first

set, so that the sphere appeared to contain more than four

contractile vacuoles.

The appearance of odd numhers of contractile vacuoles in

this way, their occasional coalescence, their irregular pulsation

rate, their multiple numher, often subsequently reduced,

together with the presence of several contractile vacuoles in the

amoebae in the same preparations, suggested that abnormal

phenomena were being witnessed. The physical conditions of

the hanging drops were probably responsible for some of these

irregularities. But the absence of contractile vacuoles from the

spheres while they were still in the amoebae, and their appear-

ance in them after they were set free, proved, at any rate, that

the spheres were not mere dead defaecated matter, but were

ahve and were attempting to adapt themselves to the sudden

change in their environment.

This view was confirmed by the occurrence in some, though

not by any means in all, of the spheres, of tentative amoeboid

movements, which, in a few cases, resulted in the sphere being

transformed into an active small amoeba.

5. Amoeboid Movements in the Free Sphere.

In several cases spheres which were extruded under observa-

tion were kept under observation for several days, in the hope

of some change being observed in them. In most of these

cases the only change was the appearance of contractile

vacuoles, the pulsation rate of which gradually became slower

and slower, until they stopped and the spheres disintegrated.

In other cases, however, the spheres not only acquired con-

tractile vacuoles, but also exhibited slight amoeboid movements.

These were often no more than slight changes of form, but

definite small pseudopodia were sometimes put out (Text-fig. b).

In other rare cases the sphere became transformed into a small

active amoeba, which moved out of the field of observation.

Text-fig, B represents drawings made "v\dth the camera lucida

of the changes undergone by such a sphere, and in Text-fig. a

are freehand drawings of another case. It is interesting to

note that, although in the period between extrusion and the
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Text-fig. B.

683

Outlines of an extruded sphere (rounded-off amoeba), drawn with

the camera lucida at the intervals of time stated in the figure, to

show the amoeboid movements often performed by the sphere

after it had been extruded.

appearance of the pseudopodia the number of contractile

vacuoles might vary from one to eight, it had always been

reduced to two at the most, by the time that the amoeboid

activity of the sphere had been well established.
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6. Ingestion of the Sphere.

The extrusion of the spheres and the development of some

of them into small amoebae had been seen before I was fortunate

enough to observe an amoeba actually ingesting a free sphere.

I had just watched the extrusion of this sphere, and the amoeba

which had extruded it had hardly moved out of the field before

another amoeba entered and immediately took up the sphere

which the other had left behind. Further observation showed

that this fate was suffered not only by the motionless spheres

but also by those which had already become transformed into

small active amoebae.

The process of ingestion was perfectly normal in every way.

The big amoebae put out pseudopodia round the sphere and

gradually enclosed it in a typical food vacuole. The result was

an amoeba containing a sphere, exactly resembling the original

amoeba, with a sphere inside it, which had awakened my
interest at the beginning of the observations.

Not long afterwards I was able to follow and to sketch, the

dramatic chase of a small Amoeba limax by a large active

Amoeba vespertilio. Text-fig. c gives the details of this

drama. It will be seen that the large amoeba at first attempted

to surround its prey (4, 5, and 6), and, after cutting off its

retreat, nearly succeeded in enclosing it (7 and 8). At 9 the

small amoeba is not inside the large one, but underneath it, the

Amoeba vespertilio having streamed over the Amoeba
limax so as to hold it between itself and the glass. I have

often seen Amoeba pro tens capture Paramoecium and

other Ciliates in the same manner. The Amoeba limax,

however, was too nimble in this instance, for it escaped again

(10) and the large amoeba made no further attempt to capture

it. A similar case has been described and figured by Jennings

(16), in which the amoeba also failed to secure its prey. Jen-

nings concluded that the behaviour of the captor to the victim

could not be explained as the result of chemical or tactile

stimuli only, but that there was a finely co-ordinated adapta-

tion of the movements of the captor to those of the victim,



TEXT-PtG C.

Freehand sketches of the chase of an amoeba of the ' limax ' type

by an Amoeba vespertilio, and the partial ingestion and
subsequent escape of the former.

NO. 264 3a
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a conclusion with wliich I am entirely in ugreement. The

behaviour of Amoeba proteus in its capture of large

Ciliata like Paranioeciuni and Col])idium in cultures strikingly

supports the same view (cf. also Schaeffer, 23).

Penard (21, p. 700) has descril)ed another instance of the

chasing of one amoeba by another wliich ended in the fusion of

the two, and Leidy (18) has described and figured what is

undoubtedly the successful capture and digestion of an

Amoeba verrucosa by Amoeba proteus. This

latter case is particularly interesting, since Leidy says that the

A. verrucosa assumed, in the body of its captor, 'the

appearance of a large sphere, still retaining its contractile

vacuole unchanged '. Later on the ' victim had become

pyriform and striate, and was tlien included in a large water

vacuole. Still later the body of the A. verrucosa appeared

to have become broken up into five spherical, granular balls. . .
.'

Leidy was unable to follow the ultimate fate of these ' granular

balls ', but he supposed that they were digested. A comparison

of Leidy "s figures with those illustrating this paper leaves no

doubt that he was dealing with an isolated instance of a process

which was occurring on a larger scale in my cultures.

The fact, however, that Leidy 's is the only one of these

cases in which anything resembling actual digestion was seen,

and the fact that I have only in one instance (cf. below) seen

in my cultures doubtful evidence of digestion of the spheres,

suggest that the amoebae only rarely are able to digest other

amoebae which they may capture. Further, it seems probable

that amoebae only rarely even attempt to capture other

amoebae, and usually fail to retain these when they are active,

however frequently they may succeed in ingesting them when

they are sluggish or resting in a rounded-off condition.

The case in which the doubtful evidence, referred to above,

of digestion of a sphere was seen, was that of a sphere wliich

was spherical when it was ingested, but which did not remain

so. It underwent distinct form changes while it was still inside

its captor. PL 29, figs. 8 and 10, represent other ingested

spheres, drawn from stained preparations, which had assumed

an irregular form while inside their captors. In the case just
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referred to, which was kept under observation, the sphere

returned to the spherical form after it had been inside the

amoeba about five hours. Later it became less and less distinct,

and seven hours after it had been ingested it could no longer

be distinguished. Apparently it had been digested. This was

the only instance in which anything like digestion of the

spheres was seen. In all other cases which were kept under

observation the spheres were sooner or later extruded by the

amoebae which had digested them.

One other point remains to be mentioned before we discuss

the nature of the spheres. It is illustrated by PI. 28, figs. 1, 2,

and 4, and PI. 29, fig. 7, drawn from stained preparations, in

which several examples of it were found at different dates.

PI. 28, figs. 1 and 2, show the phenomenon in its most typical

form, and it will be seen, on reference to them, that there

are here as many as four amoebae, enclosing one another,

giving the impression of concentric fission. The figure looks,

at first sight, like the dream of a pre-formationist, but we shall

see that it has a much more prosaic explanation. It is so

remarkable that I at first believed it to be an artefact, due,

I supposed, to drying of the preparation, or to imperfect fixation.

The other organisms on the slide were, however, well fixed and
stained, and these remarkable structures did not occur on

slides of one batch only but were present on slides made on

widely different dates. Further, I saw^ what I interpreted as

the same structures in the living organisms, although I was never

able to convince myself of this. In any case the phenomenon
admits, as we shall see, of a perfectly natural explanation if

we adopt the only hypothesis which fits the whole of the facts.

There can be no doubt that there are actually several

independent amoebae enclosing one another, because their

nuclei are perfectly distinct and each amoeba possesses a vacuole

for the reception of the others. The nuclei are, moreover, all

exactly similar in structure to one another. PI. 29, fig. 7, is

perhaps the most remarkable and was the most difficult to

interpret. There are here present seven nuclei, and the inter-

pretation of the figure is best deferred to a later stage (cf.

below, p. 700).

3 a2
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Discussion.

Three main possibilities suggested themselves as explana-

tions of the observations just described.

First, the spheres may have been parasites ; secondly, they

may have represented some form of reproduction, such as

endogenous budding ; thirdly, they may indeed have been

food bodies, the amoebae having ingested other amoebae

of the same or other species. On this last view, the phenomena

were those of ' cannibalism ". As the title of the paper shows,

I believe this last to be the correct interpretation.

In order to give my reasons for this conclusion, it will be

necessary to discuss these three views in turn.

(1) The Parasite Hypothesis.

At first this view seemed very probable. The spheres

resembled, at first sight, organisms like the Suctorian Sphaero-

phrya, which is so common a parasite of Ciliata in cultures.

Closer examination of them quickly proved, however, that not

only did the spheres never show any structure resembling

tentacles but also that no Suctoria were ever present in the

cultures. Further, the nucleus of Sphaerophrya is not vesicular.

The spheres, in fact, did not show any single feature by which

they could be classified as Suctoria.

Prandtl (22) has described a Thecamoebidan, AUogromia,

which became parasitic upon Amoeba proteus, Arcella,

Nuclearia, and Paramoeeium in order to accomplish its sexual

cycle in their interior. Tliis organism, however, does not in

any way resemble the spheres described above. Not only

were no shelled Rhizopods ever seen in any of my cultures,

but the structure of AUogromia, its possession of chromidia

and the changes which it undergoes in its host, together %nth

the fact that it is capable of reducing its host's vitality, definitely

exclude any possibility that the spheres were parasites of this

nature.

Buck (1) has described, under the name Phonergates
vorax, another shelled Ehizopod, identical, according to
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Biitschii (2), with Lecytliium hyalinum, which also may
become parasitic upon Amoeba proteus, Rotifera,

Crustacea, &c., during its sexual cycle. Buck states that this

organism may, when it is parasitic in Amoeba and other

organisms, closely resemble Sphaerophrya. But I am con-

vinced, after reading his paper and studying his figures, that

Phonergates has no points of resemblance to the spheres

here described, except, perhaps, that it is about the same size.

Penard {21 d) has described in an amoeba which he names

Amoeba alba, a parasite similar to one seen by Buck in

Arcella and later found by Dangeard (7 c) in the Heliozoa

Nuclearia simplex and Heterophrys dispersa and

called by him Sphaerita endogena. The form seen by

Penard belongs to the Chytridiaceae, and he thinks that it is

similar to that described by Chatton and Brodsky (5) in

Amoeba limax. The latter authors discuss the whole

question of these and allied parasites, and it is obvious that

none of these parasites resembles the spheres described above.

Another parasite, Nucleophaga amoeboea, allied to

the above, has also been described by Dangeard (7&), Penard

{21 d), and others. It attacks the nucleus of various amoebae.

Doflein (9) has further described the formation of giant nuclei

in Amoeba vespertilio, which is the amoeba with which

we are dealing, due to a parasite which he regards as being

closely allied to, if not identical with, the Nucleophaga of

Dangeard. The spheres described above have, however,

obviously nothing to do with this or any other nuclear parasites,

since the nucleus of the amoeba containing the sphere was

always intact and normal and the sphere itself had a nucleus

of its own, which was very similar to that of the amoeba

which contained it.

Leidy (18) has described and figured a number of interesting

inclusions in Amoeba proteus and other species. His

observations were, however, made upon the living object only,

and it is unfortunately impossible to determine from his figures

and descriptions what was the real nature of these inclusions.

Some of his figures of them, described by him as nuclei, might
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nqutiUy well be interpreted hs parasites of the Chytridiacean

type referred to above. On PI. viii, figs. 12-16, of his book he

figures a ' multinucleate ' Amoeba villosa, and in fig. 1

5

he shows a process which he describes as the bursting of the

nucleus and the expulsion of its coarsely-granular contents.

He was almost certainly dealing here with a Chytridiacean

parasite and not with a multinucleate amoeba at all. Doubt

nmst, therefore, be entertained as to whether his other figures

of the nuclei of the various amoebae described by him really

represent the nucleus. It is doubtful, for example, in the case

of the form of 'Amoeba proteus' which he figures in

PI. viii, figs. 17-28, and describes on p. 53 ; and also of those

shown in PI. iv, fig. 25, also of " Amoeba proteus". The

same doubt applies to the nucleus of Dinamoeba (PI. vii,

figs. 5, 7, and 8) described on p. 91 as a ' large, pale granular

nucleus, surrounded by a clear halo ', an appearance which

the true nucleus of Amoeba proteus rarely or never

presents. It is much more likely that what he saw was either

a parasite or some other granular organism which had been

ingested. The excellence of Leidy's observations in general

leads one, however, to accept most of his interpretations,

and it is to be remembered that, without the control of stained

preparations, mistakes of this kind are almost unavoidable.

Wallich (29) records a number of observations upon living

Amoeba villosa, but in this case also it is practically

impossible, in the absence of stained preparations, to determine

exactly what he was dealing with. In the first place it is

doubtful whether the bodies which he regarded as nuclei were

in reality nuclei at all. If they were, it is probable that they

were, as some of Leidy's undoubtedly were, nuclei infected

^vith a Nucleophaga. And Carter (4, 4a) probably fell into

the same error.

It became obvious, therefore, that the spheres showed no

resemblance to any of the parasites of amoeba of which a full

description was available. The following general considerations

also contributed to the al)andonment of the parasite hypothesis.

First, the sphere did no damage to the amoeba which con-
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tained it. At any rate no damage was demonstrable, and the

amoebae lived and multiplied normall}' while they contained

spheres, and are, indeed, still living at the present time in

the same cultures, although only rarely do they now contain

spheres.

Secondly, if the spheres were parasites it is difficult to imder-

stand why they were so frequently extruded by the amoebae.

When a parasite has gained entrance to its host it usually does

not leave it, except for the purpose either of propagative repro-

duction or of mechanical distribution of its species. Such

a parasite would, at some time or other during its sojourn in

its host, be likely to show some evidence of its reproductive

cycle. The spheres, however, never showed any signs of any

reproductive capacity whatever, either when inside or outside

'the amoebae. They were taken in and passed out in the same

manner as ordinary food matter would be ingested and extruded,

behaving in a strictly passive manner.

It occurred to me that the amoebae and the spheres might be

symbionts or commensals. Against this highly improbable

theory was the fact that a vacuole, filled with fluid, was present

round the sphere. In other cases of symbiosis among the

Protozoa, as, for example, that of the zooxanthellae and

zoochlorellae, the latter occurring under certain conditions in

the very amoebae under consideration, no vacuole surrounds

the algae.

(2) The Hypothesis of Endogenous Budding.

The second hypothesis, that the spheres were endogenous

buds, was much more attractive and led me astray for some time.

I should have hked to have been able to prove that they were

buds, and very nearly succeeded in convincing myself that they

were. But the finding of such structures as those shown in

PI. 28, figs. 1 and 2, and PI. 29, fig. 7, where two, three, or four

amoebae were enclosed within one another, seemed to stretch

the theory of endogenous budding rather far. Before ascribing

such remarkable structures as these to endogenous budding it
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seemed wise to reconsidt^r the data. When this was done it

became obvious that the spheres were not endogenous buds.

Throughout my stained preparations I have never seen any

signs of change in the nucleus, either in the amoeba or in the

sphere, although I have very carnfully searched for such eyto-

logical evidence of the formation of a bud. Whatever the size

of the amoebae or of the spheres might be, the nuclei of both were

always in the same condition, that is to say, in the ' resting
'

condition which has been figured ; the nucleus of the sphere

was always similar in structure to that of the amoeba.

I have tried hard to find evidence of the division of the

nucleus of the amoeba to form the nucleus of the sphere, or

evidence of the formation of the latter from chromidia extruded

by the nucleus of the amoeba. Indeed, under the influence

of the hypothesis of endogenous budding I have often thought

I have seen chromidia, just as I have often thought I have

seen in this and in other forms, centrosomes, centrioles,

and other structures, when I have wanted to find them. But

these structures have, on re-examination, proved to be, in

every case, either figments of my o^^^l imagination based upon

improperly differentiated slides, or artefacts. I am now

convinced that there is no evidence, of any sort or kind, of

changes in the nuclei either of the amoebae or of the spheres

in my slides.

If endogenous budding had been going on to the extent that

the abundance of the spheres would suggest, some evidence

of the mode of formation of their nuclei from the nuclei of the

parent amoebae would have been seen. It is true that even

binary fission is seen only very rarely, as Doflein also points

out (9). In my slides I have seen only two or three dividing

amoebae, and in those the two daughter nuclei had already

returned to the ' resting ' condition. This is the only evidence

that I have seen, either in the stained or in the living material

of any reproductive processes whatever.

It is to be remembered, moreover, that when the endogenous

buds are being formed in an organism like the Suctorian

Dendrocometes paradoxus, the contractile vacuole
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is present while the bud is still within the parent. It is, in fact,

one of the first of the organellae to appear, and its presence can

be taken as an indication that bud formation is in progress

(Lapage and Wadsworth, 17). In the spheres, on the con-

trary, a contractile vacuole was never seen while the sphere

was within the amoeba. It did not appear in the sphere until

an appreciable interval had elapsed after the sphere had been

expelled.

Further than this, endogenous buds, in other groups of

Protozoa, do not usually vary much in size in any particular

species producing them. They are cut out of the parent to

a definite size which remains unaltered, and it is not true that

they are smaller when they are first formed and that they grow

to a mature size before their birth. The spheres, however,

although they show a striking uniformity of structure, do vary

a good deal in size, some being as small as 10 fJ- in diameter,

others up to 46 /^. This variation in size suggests that they

are not endogenous buds. Further, in the smallest ones the

nucleus is fully formed and typical, measuring 6 /^ in diameter,

the endosome measuring 3 /x in diameter. This is a significant

fact, when we remember that the nucleus of the A. limax

also present in the culture is 5-6 /J- in diameter with an endosome

of 3 /x. The variation in size of the spheres is, therefore, more

simply explained on the hypothesis that they represent amoe-

bae of different sizes which have been ingested, than in any

other way.

The fact that some of the spheres developed, after they were

extruded, into typical small amoebae certainly suggested that

they were reproductive bodies ; but this was just as easily

explained as the escape of an ingested amoeba after successful

resistance to the digestive juices of its captor, and such an

explanation was more in accordance with the other facts.

Another important fact against the view that the spheres

were endogenous ])uds was the observation that the spheres,

while inside the amoebae, often contained diatoms and other

food matter in food vacuoles (PL 28, figs. 2 and 5, and PI. 29,

figs. 7, 8, and 9). This is highly significant in view of the fact
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that the amoel)ae in the culture were all feeding principally

upon diatoms. Endogenous buds, when they are formed in other

groups of Protozoa, are invariably free from food vacuoles until

after they are born, and it is indeed difficult to imagine how they

could obtain any solid food until they are set free. Even if

we adopted the fantastic view that, in the case under considera-

tion, the spheres had obtained the diatoms from the amoebae

in which they lay, it is imi)ossible to explain how they did so,

seeing that a vacuole tilled with tluid lay between them and the

protoplasm of the amoebae. The presence of that vacuole is,

of course, in itself no argument against their being endogenous

buds, since most endogenous buds develop inside a cavity or

' l^rood chamber ' in the parent.

A still more significant detail is, however, the observation,

made upon the living object, that, when the sphere was

extruded, the remains of diatoms might be extruded with it

from the same vacuole. This can only mean that the diatoms

were taken up at the same time as the sphere, a fact which is

easy to understand when we remember that the amoebae

were feeding mostly in the clumps of diatoms and debris in

the culture rather than in the open. The vacuoles in which the

spheres lay were, therefore, true food vacuoles and not of the

nature of ' brood chambers *. This does not prove, of course,

that they were not buds, since the amoebae were seen to ingest

the free spheres, and it might be argued that the spheres were

no less true buds because their parents were eating them.

But, taken in conjunction with the absence of any evidence

of the mode of formation of buds and the presence of food

vacuoles in their cytoplasm, it is a very significant piece of

evidence.

Another observation pointing in the same direction is the

fact that the spheres were not always perfectly spherical,

but were often irregular in shape and, indeed, w^ere, in some

cases, seen to undergo form changes while inside the amoebae

(cf. p. 686, supra). Tliis strikingly suggests that they were

amoebae which had been ingested.

The hypothesis of endogenous budding breaks, however, on
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the same rock as did the parasite hypothesis. It fails to

explain the occurrence of several amoebae enclosing one

another, as are shown in PL 28, tigs. 1 and 2. This could, it is

true, be interi)reted as endogenous budding with pathological

delay of the birth of each bud, so that an appearance of con-

centric fission rt^sulted ; but there seems to be no necessity for

so fantastic a view, when the structure can be explained

naturally and simply as the result of cannibalism.

Lastly, it is difficult to understand why endogenous budding,

if it occurs in the Amoebaea, has not been fully described

already, seeing that such a vast amount of work has been done

on these organisms. It is true that Penard (21) has made

several references to the occurrence of so-called ' embryos ' in

Pelomyxa and in various amoebae. With regard to Pelomyxa,

he says that ' in the month of October, 1900, the greater part

of the individuals examined contained, in their bodies, true

embryos. These embryos, apparently swimming in the

plasma, . . . showed as little grey masses, spherical, ovoid or

pyriform, in the interior of which one saw some little, brilliant

grains, one or two vacuoles and a vague appearance of nuclei.

Isolated by compression of the Pelomyxa the embryos pushed

out slowly prolongations in the form of little waves or lobes

and continually deformed themselves in their entirety.' He
was also able to convince himself of the presence of a contractile

vacuole, which ' only functioned in a lazy manner ', and he

was sure of the presence of a ' nucleus, round, with a nuclear

membrane already formed and distinct, with nuclear sap and

a central nucleolus and one or two other spherules, . . . which

seemed to represent nuclei also '. He adds his opinion that

' the presence of these embryos, living in good health in the

plasma of the Pelomyxa and usually multinucleate, seems to me
to indicate that they are products of the animal itself and not

parasites '.

This description suggests that he may have been dealing with

either parasites or with amoebae of the Amoeba limax
type which had been ingested by the Pelomyxa ; but doubt is

thrown over the whole of the observations ])v his statement,
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on another page of the same work, that he heheves with

Greef that the so-calkd ' Glanzkorper ' of Pelomyxa develop

into small amoebae similar to those which he saw pass out of

the Pelomyxa. From his account it seems likely that he has

confused various difft^runt structures, true ' Glunzkorper ',

fungal and Flagellate food, and ingested small amoebae.

This is only another instance of the difficulties which arise,

especially for other workers, when obser\ations on liAing

specimens are not controlled by y)ro|)erly made ))erin;inent

preparations.

Penard, in the same work, makes other references to the

occurrence of similar ' embryos ' in the amoebae which he

names A . n i t i d a , A . \' i 1 1 o s a , A . a n n u 1 a t a , A

.

nobilis, A. terricola; and in Ehizopods hke Difflugia,

Diaphorodon. and, above all, in Nebehdae, he found bodies

which he thought ma}' have been reprcjductive in nature. In

most of these cases he gives figures which certainly suggest

strongly that he was dealing with amoebae which were ingesting

and extruding again other amoebae of the same or other

species. In the 'embryos' of A. nobilis he saw 'little

diatoms ' and ' little grains which appear to proceed from

digestion '

; and those of A . n i t i d a contained ' the appear-

ance of little grains of starch or little diatoms, which them-
selves seemed to be in course of digestion'.

But he does not seem to have thought it necessary to explain

how these ' embryos ', while inside their ' parents ', had been

able to ingest their diatoms. It seems verv likelv that these

' embryos ' were similar in nature to the spheres in my amoebae

and that Penard fell into the same error as that from which

I was only saved by the study of permanent preparations.

Grosse-Allermami (13), in a studj-^ of Amoeba terricola,

saw, in two instances onh, a swollen amoeba full of small

spheres of 30-40 ii in diameter, and he supposed that he was

dealing with the end result of multiple tission. Penard (21J)

saw somewhat similar phenomena in the same amoeba, but

regarded the spheres as parasites which had developed inside

the Amoeba terricola and which were set free by its death.
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Much more plausible, however, are the accounts of endo-

genous budding in amoebae given by Liston and Martin (19),

Wherry (30), and Hogue (15). The last-named worker also

describes the formation of ' exogenous ' buds, by the streaming

out of chromatin granules from the karyosome into the ecto-

plasm, where they collect to form the nuclei of the exogenous

buds. Her figures and description, however, suggest that the

so-called chromatin granules were either artefacts or parasites

like the Chytridiaceae referred to above.

Hogue's figures of the endogenous buds, like those of Wherry,

are much more convincing and show a striking resemblance to

the figures illustrating this paper. Neither of these workers,

however, has given a detailed description of the so-called

' buds ', nor was the development of the ' buds ' followed.

Had this been done in all probability a different conclusion as

to their real nature would have been reached. It should be

noted, also, that in both these cases the amoebae were studied

in agar media, which cannot be regarded as a sound method
of cultivating these organisms. Further, the cultures were

crowded with amoebae, a state of affairs which would tend to

encourage the ingestion of the amoebae by one another.

Liston and Martin (19) have described endogenous budding

in a large amoeba from liver-abscess pus. This amoeba also

was studied on agar media. Liston says that he saw an amoeba
develop three or four ' buds ' within its body while under

observation and that these were liberated. Older and larger

amoebae might contain as many as six ' buds ' in various stages

of development. If this were so, it is unlikely that they were

true endogenous buds at all, because endogenous buds are

usually formed of a certain definite size which does not increase

or change before they are born. Liston also states that the
' buds ' became recognizable in the amoebae ' when a larger

mass of chromatic material was assembled than could be

reasonably explained on the supposition that it was formed from

ingested bacteria ', that the ' buds ' were formed around these

masses of chromatic material, and that these masses then

became the nuclei of the ' buds '. Martin, in a study of the
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stained material, confirms this and says that the nucleus of tli(3

' bud ' is formed from ' chromidia contained in it when it is

first formed and derived from the chromidia scattered through

the cytoplasm of the parent '.

He also says, however, that ' the nucleus of the amoeba takes

no direct part in the formation of the bud. There is absolutely

no evidence, either from observation on the live amoebae or

from the stained films, for any form of nuclear division con-

nected with the bud formation.'

This latter statement might equally well have been made
about the spheres described in this paper. Wlien it is remem-

bered that I also, under the influence of the view that the

spheres were endogenous buds, found in my amoebae structures

which could easily be interpreted as chromidia, the parallel is

complete.

Upon re-examination of my preparations, how^ever, I have

been unable to convince myself that the fine grains in my
amoebae were chromidia at all, and certainly I have never seen

anything resembling a collecting together of these grains

inside the spheres to form their nuclei. All the spheres had

a fully-formed vesicular nucleus, Wliile I nuist admit, there-

fore, that Martin may have been dealing with something quite

different from my spheres, I still am of the opinion, without

desiring to impugn his high reputation as an accurate observer,

that his ' buds ' were in reality of the same nature as my
spheres, that is to say, that they were amoebae of the same

or another species which had been ingested.-^ Two types of

amoebae were present in the cultures of Liston and Martin,

and it is possible that one kind was ingesting the other.

The method of cultivation of these organisms upon agar

^ Dr. H. M. Woodcock, of the Lister Institute, tirst suggested to me,

ill 1920, that the ' buds ' described by Liston and Martin were probably

not true buds at all and thus gave me the clue to the real nature of the

spheres in my own cultures. Recently Dobell and O'Connor (8 a) have

expressed the same opinion. Compare, also, the still more recent remarks

of Woodcock (32) with regard to the need for care in the interpretation

of cultural forms of Protozoa.
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media might be expected to iiiduce them to exhibit abnormal

behaviour in this and in other respects.

It is much more probable that Walhch (29) also saw some-

thing similar to the observations recorded in this paper, since

he figures a small amoeba which he calls a " gemmule ' and

believed he had proved the occurrence of ' gemmation ' and
' viviparous reproduction ' in Amoeba v i 1 1 o s a , His
' viviparous reproduction " seems to rest upon the occurrence

of many small amoebae in his cultures, such as also occurred

in my own, and it is probable that his ' gemmule ' was either

an amoeba which had become rounded off or one which had been

recently extruded, after having been ingested. He also

describes structures which he calls ' nucleated corpuscles ' and
' sarcoblasts ', and he says that the ' sarcoblasts ' are obviously

reproductive, because, although he never saw them develop

into amoebae while they were yet within an ' amoeba cyst

'

(a structure which is obviously not a cyst, but a dying amoeba),

yet he saw bodies present in the same fluid at the same time,

outside and identical in appearance, which did develop into

amoebae ! Since he made no permanent preparations, it is not

possible to know what he really was dealing with, but it is

unlikely that either the ' sarcoblasts ' or the ' nucleated cor-

puscles ' were in anj^ way similar to my spheres. Wallich,

however, further describes what he refers to as ' a process

resembling gemmation or viviparous reproduction '. His

figure of a ' gemmule ' is very like the recently extruded sphere

of my cultures, but since Wallich says that he never saw his

' gemmule ' emerge, and further that he is ' unable to vouch

for ' the process of gemmation ' on his own authority ', it is

not possible to attach much importance to his observations.

While there are, therefore, several references to the occur-

rence of endogenous budding in the Amoebaea, there seems

to be no single record of it which is free from doubt and cer-

tainly no record which has been confirmed by subsequent

workers. This is a curious fact, when we remember that

endogenous budding does occur in forms so closely alHed to

the Amoebaea as iVrcella and other Thecamoebida. It even
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suggests that, either some of the cases cited above are correctly

interpreted as instances of endogenous bud(hng, or that,

alternatively, the Thecamoebidae are not so closely allied to

the Amoebae as has been thought.

All these considerations shook my belii^f in the very attrac-

tive view that I was witnessing an epidemic of endogenous

budding.

(3) Hypothesis of Cannibalism.

Turning to the third alternative I found that the cannibalism

hypothesis not only explained those facts which the other

views explained, but explained them much more simply and

readily. In addition, it did not fail where the other two views

had failed. This hypothesis provides the simplest explanation

and it covers all the facts without introducing into the already

complicated problem of the life-history of amoeba a new and

hitherto unauthenticated process.

Further, it explains simply enough how such structures

as those shown in PI. 28, figs. 1, 2, and 4, and PL 29, fig. 7,

can arise. These structures are explained m detail in the

text explaining the figures. It is sufficient here to say that such

structures arise by the ingestion by amoebae of other amoebae

which had previously themselves ingested yet other amoebae,

a process which can give rise to the most remarkable and com-

plicated structures. Such phenomena must be pathological.

Whether cannibalism itself is pathological is a matter of opinion,

in the present state of our knowledge. That it is not a frequent

occurrence is shown by the paucity of references to it in the

literature, although Doflem (9 a) says that he has often seen

cannibalism, i.e. the eating by amoebae of young forms or of

cysts of their own species, and that such occurrences have

given rise to statements about internal budding and formation

of embryos.

An amoeba, in the absence of its normal diet, will eat almost

anything. In my omti cultures of Amoeba proteus, for

example, these organisms, which were thriving upon a diet
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of bacteria, became voracious carnivores when they were

supphed with Colpiclium colpoda; and Doflein has

recorded a similar fact {9h). It is not surprising, therefore, that

an amoeba hke Amoeba v e s p e r t i 1 i o , which feeds normally

upon diatoms and had been kept for many years in an

old hay infusion in which its normal food supply must have

been for long scarce, and in which Paramoecium and other

Ciliates were present, should have turned, under the stimulus

of the change of environment provided by the sub-cultures,

to the ingesting, not only of the diatoms which developed in

those sub-cultures, but also of other amoebae, both of its own
and of other species.

At first I was inclined to think that starvation played a part

in causing the amoebae to become cannibalistic. They showed,

however, few other signs of starvation. They exhibited normal

activity, they multiplied abundantly, and, beyond what was

probably a more marked vacuolation than is usual for the

species, were in no other way abnormal. They are still living

in the same dishes, although they have been practically

untouched for two years ; but they only occasionally now
ingest one another, and are feeding actively upon algae which

have developed in the cultures.

It is, moreover, by no means certain that in 1920 they were

ingesting their own species alone. Though this probably

occurred often, in other cases a comparison of the sizes of the

spheres and especially of their nuclei with those of the other

amoebae present in the cultures (cf. supra, p. 675) suggested

that the small spheres were mostly ingested examples of

Amoeba limax. Many of the medium-sized spheres might

equally well have been either large individuals of A. limax
or small examples of A. vespertilio.

In this connexion the interesting question arises as to

whether an amoeba, even if it ingest a member of its own species,

can digest it. I have only been able to follow, in the hving

object, one case of what appeared to be the digestion of the

ingested sphere (v. also supra, p. 686). In the stained pre-

parations spheres were often seen, of all sizes, which took the

NO. 264 3 B
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stain more feebly than the others on the same sHdes, the

nucleus often not staining at all. These may have been

spheres which were undergoing digestion, or they may have

been merely dead ones. In the majority of cases the spheres

certainly seemed to resist digestion, although it was evident

that most of them were killed by their sojourn in the food

vacuole or were, at any rate, so much damaged that they were

unable to resume their activity after they were extruded. The

appearance of a contractile vacuole in them indicated an attempt

at the resumption of vitality ; but usually the attempt went

no further and the extruded spheres disintegrated if they were

not again ingested. In a few cases abortive attempts at amoe-

boid movements occurred ; and in fewer still these were success-

ful and the sphere became transformed again into a small

amoeba which was apparently little the worse for its experi-

ence.

It is evident, therefore, that the amoebae found difficulty,

at least, in digesting other amoebae which they took up.

They might, therefore, extrude them again, just as they will

extrude other indigestible material. If these extruded amoebae

had been killed by their sojourn in the food vacuole or died soon

after extrusion they might be again ingested by other amoebae
;

and it is probable, although I can produce no evidence to prove

it, that these dead or dying amoebae could be digested. One

is reminded here of the fact that, in Vertebrates, the gastric

juice does not digest the mucous membrane of the stomach,

unless that is damaged or in a pathological condition, but that

post-mortem digestion of the stomach can and does occur.

Another reason for the extrusion of the spheres is suggested

by the observation of Ehumbler, as quoted by Minchin (19 o),

that amoebae disgorge any food matter that they may contain

under the influence of strong light, such as that to which they

are subjected when they are brought into the field of the

microscope. That this is not the only reason in this case is

shown by the frequent occurrence of free spheres in the cultures

themselves, before any of the fluid had been examined under

the microscope. They could be picked up from the bottom
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of the culture dishes with a pipette, and must, therefore, have

been extruded in the cuU.ures where the stimuhis of strong

hght did not operate. Drying of the shde might conceivably

have caused extrusion, as Wallich also suggested (29). But

this factor also would not operate either in the cultures or in

the preparations used for observing living specimens.

To return to the question of what caused the amoebae to

become cannibahstic, I am unable to offer any intelligent

suggestion. It has already been mentioned that the cultures

were not unhealthy, since the amoebae throve and multiplied,

as did also the Ciliates and other small amoebae. The balance

of evidence showed that the amoebae were not to be regarded

as starved, and certainly not as so starved that they resorted

to utilizing their own kind as food, a condition which must

be rare in both natural and artificial conditions. Further,

we have seen that it is at least very doubtful that they were

really feeding at all on the amoebae which they ingested, since

the evidence is that they could only very occasionally digest

them. Their condition seems to have been like that of the army
recruit, who, when he asked for a drink on the march, was told

to suck a stone.

A possible explanation may be sought in the view that the

amoebae had become so numerous in the cultures that the

active ones were ingesting the rounded ones and, finding them

indigestible, were extruding them again. Schaeffer's work on

the feeding habits of amoebae (23) is interesting in this con-

nexion. He found that the ingestion of particles by amoebae

is not to be explained entirely by chemotaxis, but that other

factors operate, especially movement, either natural or mechani-

cal, in the material offered, the nature of the amoeba itself,

i. e. whether it were ' raptorial ' or not, the physical similarity

to or difference from the normal diet of the material offered

and the degree of hunger from which the amoebae were suffer-

ing. He found, for example, in his experiments with carmine

grains, that the amoebae got rid of these much more quickly

than normal food matter, and generally as soon as possible.

Also he thought that the carmine was extruded because it was
3b2
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actually disagreeable to the endoplasm, though not to the

ectoplasm, and not merely because it was indigestible. Further,

a piece of carmine was eaten only once if the amoeba was only

mildly hungry ; several times if it was very hungry ; but the

amoebae showed less and less inclination to ingest the same

grain if it were offered to them several times in succession.

The same was true if a number of different grains were offered,

each only once.

It is obvious, therefore, that the factors which govern the

feeding of amoebae are by no means simple. It is probably for

this reason that I have been unable to induce my amoebae to

repeat their performance of 1920, either in the old or in fresh

cultures, on anything like the same scale. I have also looked

carefully for similar phenomena in thick cultures of Amoeba
proteus obtained by the methods of Taylor (27) and Doflein

{%). But, although these amoebae often exist in such numbers

that they are in close contact, and are actively feeding upon

Colpidium and Chilomonas, i. e. upon a carnivorous diet, they

have never showed the slightest tendency to ingest one another.

Schaeffer (23) also found that his amoebae, although they

were eating Ciliates and Flagellates readily, never ingested

one another. Further, Doflein (9), in his study of Amoeba
vespertilio, does not mention any case of their ingesting

one another. He used, however, chiefly amoebae containing

zoochlorellae, whose metabolism must have been, therefore,

abundantly provided for even in the absence of their normal

diet ; and in my own cultures of Amoebae vespertilio

containing zoochlorellae, relatively very few of the amoebae

contained spheres, and in those which did the spheres also

contained zoochlorellae.

It is very likely, therefore, that the epidemic of cannibalism

which is described in this paper was an isolated occurrence,

dependent for its causation upon the physical and chemical

constitution of the culture medium and also, as Schaeffer's

work shows, upon the physiological condition of the amoebae

themselves. The fact that, in those other cases in which

similar phenomena have been observed in other than isolated
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individuals and which have been erroneously interpreted as

cases of endogenous budding, the amoebae were studied under

conditions of artificial cultivation which at least differed widely

from the normal environment of the amoebae, is additional

evidence in support of this view. Until the methods of culti-

vating Protozoa are standardized upon the basis of a scientific

physical and chemical analysis of the normal environment of

these highly sensitive organisms, we must expect that atypical

and bizarre phenomena will be witnessed in cultures, and

that these will not only be rashly interpreted by the inexperi-

enced, but will also readily mislead even the most careful

and conscientious workers.

Eeviewing the whole of the facts, I conclude that the hypo-

thesis of cannibalism explains the facts described above

readily and simply. It explains the variation in size of the

spheres and the similarity of their structure to that of the

amoebae which contained them. It explains also their inabihty

to live after extrusion, the presence of food in them while they

were still inside the amoebae, and the complete absence of any

cytological evidence of the formation of endogenous buds.

It affords also an explanation of the ingestion and extrusion

and, in some cases, of the re-ingestion of the spheres, and of the

remarkable occasional occurrence of several amoebae enclosing

one another. I am, however, unfortunately unable to throw

any hght upon the interesting question as to whether an amoeba

can digest individuals of its own species, or to determine what

the actual stimulus was which led these amoebae to adopt

temporarily the cannibalistic habit.

In conclusion, I am pleased to have the opportunity of record-

ing here my indebtedness to Professor S. J. Hickson, F.R.S.,

in whose department the work was done, for his kindly interest

and help, and to Miss Ann Bishop, B.Sc, and Mr. J. T. Wads-

worth, for many very useful suggestions and helpful criticisms.

SUMMAEY.

1 . This paper describes the temporary adoption by Amoeba
vesper tilio of cannibalistic habits. The amoebae fre-
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quontly ingested, but in most cases failed to digest, other

individuals of their own and also of other species (A. limax).

2. In some cases, an amoeba, ^vhich had ingested another,

might itself then be ingested by a third amoeba ; and these

three might then be taken up by a fourth amoeba, so that

remarkable figures, suggesting concentric fissi(m, resulted.

B. The victims were usually ingested while they were rounded

off or sluggish, and, after extrusion, usually failed to resume

their activity, although most of them developed contractile

vacuoles and some showed tentative amoeboid movements.

A few recovered their normal activity and resumed normal life.

Amoebae, after extrusion by one amoeba, were often taken up

again by other amoebae.

4. In one case an Amoeba \- e s p e r t i li o was observed to

chase and enclose an Amoeba limax, but the Amoeba
limax subsequently escaped again.

5. The ingested amoebae may easily be mistaken for endo-

genous buds, but there is less danger of their being mistaken for

parasites.

6. No trustworthy evidence was found as to the nature of the

stimulus which caused the adoption of these habits, but the

question is discussed.
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EXPLANATION OF PLATES 28 AND 29.

Plate 28.

Fig. 1.—An Amoeba vespertilio with vesicular nucleus winch

shows well the ineshwork structure of the endosome (E) and the clear

halo round it. In the cytoplasm is a large vacuole (vacl) containing

another amoeba with its nucleus (».l). This second amoeba contains

a vacuole (vac. 2) which encloses a third amoeba and its nucleus {n.2).

The third amoeba contains another vacuole (vac. 3) which encloses a

fourth amoeba and its nucleus (n.S). Ect., Ectoplasm. End., Endoplasm.

Fig. 2.-—-An Am oeba vespertilio with its nucleus (N). The amoeba

contams food vacuoles and a vacuole {vac.l) in which is a second amoeba

with its nucleus {n.\) and two food vacuoles containing diatoms. This

second amoeba contains in a vacuole [vac. 2) a third amoeba with its

nucleus {n.2).

Fig. 3.—A free sphere containing diatoms in food vacuoles {d). n, nucleus.

Fig. 4.—An amoeba with its nucleus (N) and two vacuoles. In one of

the latter lies a second amoeba with its nucleus (%.3). In the other is

a third amoeba with its nucleus {n.\), and this again contains a fourth

amoeba with its nucleus {n.2).

Fig. 5.—An amoeba with its nucleus (iV) and food vacuoles (/'.?>.), which

has ingested one other amoeba with its nucleus («) and food vacuoles

{f.h.l).

Fig. 6.—A typical free sphere, extruded from an amoeba (compare with

the ingested amoeba in fig. 5). The structure of the nucleus is well shown

(compare with the nucleus of the outer amoeba in figs. 1, 2, and 4).

Plate 29.

Fig. 7.—An amoeba with its nucleus {N) and a food vacuole {f.vac).

It contains three other vacuoles, in two of which two other amoebae lie.

One of these, with its nucleus {n.\) is free from food bodies ; the other,

with its nucleus {n.2) contains diatoms. The third vacuole contains an

amoeba with its nucleus (/j.S), which itself contains a food vacuole,

{f. vac.l) and three other amoebae with their nuclei (vt.4, n.5, and n.%),

the latter being free from food bodies.

Fig. 8.—^An amoeba containing two other amoebae in separate vacuoles,

one of which is a typical sphere, the other an elongate oval. Both the

ingested amoebae contain food bodies.

Fig. 9.—A star-shaped form of Amoeba vespertilio with its

nucleus {N) and food vacuole (/.&.). It contams another amoeba with its

nucleus («,) and food bodies {f.h.l) (cf. PI. 28, fig. 5).
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Fig. 10.—An A in u c b a v l- s p e r t i I i o wit h a large food vacuole (f.vac.

)

and an iiTcgiilaiiy-sliajJcd amoeba wliich it has ingested,

Fig. 11.—An amoeba with its nucleus (A^), which has ingested live other

amoebae, the smallest of which are probably A. limax. »i.l-»t.5, nuclei

of the ingested amoebae.

Fig. 12.—A binucleate amoeba with its two nuclei {N,N), with food

bodies and an ingested amoeba with its nucleus (n).
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